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ABSTRACT
C ham plin , M ark  R . , M .S . ,  1979 R e s o u rc e  C o n se rv a t io n
S t r u c tu r a l  C h a r a c te r i s t i c s  of T e r r i t o r i a l  M ale Ruffed G rouse  
( B o n a sa  u m b e l lu s ) H ab ita t  in W e s te rn  M ontana
D ire c to r :  L ee  E. E d d lem an  ^
T h is  study w as conducted  on L u b re c h t  E x p e r im e n ta l  F o r e s t  
d u r in g  June  and  Ju ly  1975. The m a in  ob jec tive  was to c h a r a c t e r ­
ize  t e r r i t o r i a l  m a le  Ruffed G ro u se  h a b ita t .  S econd ary  o b jec tiv e s  
w e re  to  d e te rm in e  the  re la t io n s h ip s  be tw een  da ily  m o v em en ts  and 
w e a th e r ,  v eg e ta t io n ,  topography , c a t t le ,  and  p red a t io n .  R a d io ­
t r a c k in g  and s ta n d a rd  o r  m od if ied  v eg e ta t io n  sam pling  tech n iq u es  
w e re  u sed .
D ru m m in g  t e r r i t o r i e s  a v e ra g e d  0. 89 h e c ta r e s ,  and hom e 
ra n g e s  deve loped  a f te r  d ru m m in g  a c t iv i ty  c e a s e d  a v e ra g e d  1 . 9 6  
h e c ta r e s .  E co lo g ica l  popu la tion  d e n s i ty  w as 112.3 m a le s  p e r  
100 h e c ta r e s  of r i p a r i a n  h a b ita t .  S ince only 6 . 62 h e c ta r e s  of 
r i p a r i a n  v e g e ta t io n  o c c u r r e d  on the  study a r e a ,  4. 2 m a le s  p e r  
100  h e c t a r e s  w as c o n s id e re d  a  m o re  re a so n a b le  d e n s i ty  e s t im a te .
M ale  Ruffed  G ro u se  re sp o n d e d  to  ran g e  c a t t le  with t e r r i t o r i a l  
b e h a v io r .  T h is  inc luded  a s ig n if ican t  red u c t io n  in  to ta l  m o v em en ts  
and an  ex tended  d ru m m in g  se a so n .
F o u r  d ru m m in g  m a le s  with t e r r i t o r i e s  in  r ip a r i a n  v eg e ta t io n  
s u rv iv e d  an  e n t i r e  d ru m m in g  se a so n  w ithin  0 . 8 km  of an  ac tiv e  
G oshaw k n e s t .
S ign if ican t d i f fe re n c e s  in  the  s t r u c tu r e  of h ab ita t  u se d  fo r  five 
c a te g o r ie s  of a c t iv i ty  w e re  found. T h ese  a c t iv i t ie s  w e re  1) d r u m ­
m ing , 2) n ight ro o s t in g ,  3) n ig h t-d a y  ro o s tin g , 4) day ro o s tin g , 
and  5) m is c e l la n e o u s  a c t iv i ty .  At d ru m m in g  logs c o n ife r  and to ta l  
1 0 - 2 0  cm  d ia m e te r  c la s s  d e n s i ty  w as g r e a t e s t  and low sh ru b  fo l i ­
age  c o v e r  le a s t ,  c au s in g  v e r t i c a l  v e g e ta l  s t r u c tu r e  at logs which 
fa v o re d  o b se rv a t io n  of p r e d a to r s  by g ro u se  but h in d e re d  o b s e r v a ­
tion  of g ro u se  by p r e d a to r s .  Low sh ru b  c o v e r  w as g r e a te s t  a t  
r o o s t s  u se d  du rin g  s e v e re  w e a th e r .  H ab ita t  u sed  during  day ligh t 
had  e sc a p e  la n e s  w hich  lac k ed  fo liage  fo r  15 c m  above ground  
le v e l  but p ro v id ed  o v e r -h e a d  sh ru b  fo liage  c o v e r .
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STRUCTURAL CHARACTERISTICS OF TERRITORIAL 
MALE R U FFE D  GROUSE (B onasa  u m b e l lu s ) 
HABITAT IN W ESTERN MONTANA
INTRODUCTION
the p re v a i l in g  d em o g ra p h ic  p a t te rn s  in the  United S ta tes  
du rin g  the  p a s t  2 0  y e a r s ,  a  s te a d i ly  growing p r e s s u r e  to in c r e a s e  
u t i l iz a tio n  of ren ew ab le  n a tu r a l  r e s o u r c e s  is  o c c u r r in g .  In re s p o n se  
to  the  sa m e  d e m o g rap h ic  p a t te rn s ,  u rb an iz a t io n ,  subd iv is io ns , new 
a g r i c u l tu r a l  sy s te m s  and the  p ro l i f e ra t io n  of ro ad s  and highways a r e  
ra p id ly  a l te r in g  land  u se  p a t te rn s  th roughou t the  cou n try . N a tu ra lly , 
f o r e s t  and  ran g e  m a n a g em en t a r e  a ls o  being in ten s if ied .
New t r a c t s  of t im b e r  land  a r e  Continually being h a rv e s te d  a s  
a  n o rm a l  f o r e s t  m an a g e m e n t  p r o c e s s ,  which m ay  d r a s t ic a l ly  a l t e r  
ex is t in g  p lan t c o m m u n itie s ,  and  th u s , ex is ting  o r  po ten tia l  w ildlife  
h a b ita t .  F u r th e r m o r e ,  r e c e n t  changes  in USDA m e a t  g ra d e s  allow 
c a t t le m e n  to  keep  l iv e s to c k  on open ran g e  fo r  a s ligh tly  lo n g er  p e r io d  
of t im e ,  re s u l t in g  in a p o ten t ia l  i n c r e a s e  in ran g e  p lan t u t i l iza tio n .  
Since l iv e s to c k  and w ild life  a r e  often found in the  sam e  a r e a ,  c o m p e t i ­
t io n  betw een  the  two fo r  both food and sp ace  is  h ighly  p ro b ab le .
T he im p lic a t io n s  fo r  one sp ec if ic  hab ita t ,  r ip a r i a n  c o m m u n itie s  
w ith  th e i r  gen tle  t e r r a i n  and  lu sh  v eg e ta t ion , a r e  e x e m p la ry .  Range 
c a t t le  find r i p a r i a n  g row th  inv iting  and can  m odify  the  h a b i ta t 's  
v e g e ta t iv e  s t r u c tu r e .  R oads and  highways often follow d ra in a g e
bo tto m s to take  advan tage  of gen tle  g ra d e s  c h a r a c t e r i s t i c  of such 
a r e a s .  In addition , d ra in a g e  bo ttom s a r e  often  subdivided, fu r th e r  
d im in ish in g  r ip a r ia n  h ab ita t .  T hese  in f lu en ces , and o th e rs ,  i n v a r i ­
ab ly  com bine  to red u c e  the  n u m b e r  of a l te rn a t iv e  a r e a s  av a i la b le  to 
su p p o r t  w ild life  (Hayden, 1975).
W ildlife  b io lo g is ts  and m a n a g e r s  need  d e ta i le d  in fo rm a tio n  on 
the s t r u c tu r a l  and sp a t ia l  c h a r a c t e r i s t i c s  of the  h ab ita t  of each  w ild life  
sp e c ie s .  Insigh t into the  im p a c t  of v a r io u s  land  m an a g em en t p r a c ­
t ic e s  on the  h a b ita t  of w ild life  i s  a lso  m a n d a to ry .  W ithout adequa te  
sp e c ie s  h ab ita t  in fo rm a tio n ,  r e a l i s t i c  p re d ic t io n s  conce rn in g  the i m ­
p a c t  of a p a r t i c u l a r  r e s o u r c e  m a n a g em en t p ra c t ic e  on a given sp ec ie s  
a r e  im p o s s ib le .  F in a lly ,  p r e c i s e  knowledge about the  h ab ita t  r e q u i r e ­
m e n ts  of a sp e c ie s  en ab les  w ild life  b io lo g is ts  o r  m a n a g e rs  to be m o re  
a c c u ra te  in  th e i r  rec o m m e n d a t io n s  to o th e r  r e s o u r c e  m a n a g e r s  r e ­
g a rd in g  th a t  sp e c ie s '  h ab ita t .
In w e s te rn  M ontana the m a jo r i ty  of t e r r i t o r i a l  m a le  Ruffed 
G ro u se  (B onasa  u m b e l lu s ) a r e  r e s t r i c t e d  during  the d ru m m in g  se aso n  
to r i p a r i a n  v e g e ta t io n  found a long r i v e r s ,  s t r e a m s ,  and l e s s e r  d r a in ­
age  b o t to m s . T h e re fo re ,  t e r r i t o r i a l  h ab ita t  of m a le  Ruffed G ro u se  can  
be m o d if ied  o r  d e s t ro y e d  by f o r e s t  m a n a g e m e n t  p r a c t ic e s ,  ro ad  and 
h ighway c o n s tru c t io n ,  l iv e s to ck  g raz in g ,  and  subd iv is ion s .
In an  e f fo r t  to ob ta in  sp ec if ic  knowledge v i ta l  to a sp e c ie s '  h ab i­
ta t  m an a g em en t ,  th is  s tudy w as d es ig n ed  to p ro v id e  d e ta i le d
in fo rm a tio n  on the  h a b i ta t  of t e r r i t o r i a l  m a le  Ruffed G ro u se  during  
the  d ru m m in g  se a so n .  The o b jec tiv e s  of the  study w ere ;
1 ) To p rov id e  a  th o ro u g h  s t r u c tu r a l  c h a r a c te r i z a t io n  of 
t e r r i t o r i a l  m a le  Ruffed G ro u se  h ab ita t .
2) To d e te rm in e  w h e th e r  p lan t sp e c ie s  o r  p lan t s t r u c tu r e  is  
the  m o re  im p o r ta n t  f a c to r  in  h ab ita t  s e lec tio n ,
3) To d e te rm in e  the  b i rd s '  d a ily  m o v em en t p a t te rn s  in  re la t io n  
to w e a th e r ,  v e g e ta t io n ,  and  topo graphy , and  the  re la t io n sh ip  
of t h e i r  hom e ra n g e  to  v e g e ta t io n .
4) To d e te rm in e  the  in f luence  of ra n g e  c a t t le  on the  m o v em en ts  
and  b e h a v io r  of t e r r i t o r i a l  m a le  Ruffed G ro u se .
5) To m a k e  re c o m m e n d a t io n s  r e g a rd in g  Ruffed G ro u se  h ab ita t  
m an a g em en t .
T he p r im a r y  c o n c e rn  of th is  s tudy  w as the  s t r u c tu r a l  c h a r a c t e r i ­
z a t io n  of the  h a b ita t .  D ata  g a th e re d  on m o v em en t p a t te rn s ,  hom e 
ra n g e s ,  and  the in f lu e n ce s  of c a t t le  w e re  the  r e s u l t  of r a d io - t e l e m e t r y .
L IT E R A T U R E  REVIEW
T he R uffed G ro u se  w ith 12 re c o g n iz e d  su b sp e c ie s  (A ld r ich  1963) 
has been  s tud ied  e x te n s iv e ly  in  the  e a s t e r n  p o r t io n  of i ts  ran g e  w h e re  
d e n s i t ie s  w e re  h ig h e r ,  but c o m p a ra t iv e ly  few s tu d ie s  have been  con­
duc ted  in  the  w est .  Two of the  m o r e  in te n s iv e  and  leng thy  s tu d ie s  
w e re  conducted  by Bum p et a l . (1947) co v e r in g  13 y e a r s  of in te n s iv e  
r e s e a r c h  on a l l  a s p e c t s  of Ruffed G ro u se  biology, ecology, and  m a n ­
a g e m e n t  in  New Y ork . King (1937), G ullion  e t ^ .  (1962), and  Gullion 
and  M a rs h a l l  (1968) a s  w ell a s  s e v e r a l  g ra d u a te  s tu d en ts  f ro m  the 
U n iv e rs i ty  of M in neso ta  cond uc ted  r e s e a r c h  of v a ry in g  in te n s i ty  on 
the  C loquet F o r e s t  R e s e a r c h  C e n te r  and C e d a r  C re e k  N a tu ra l  H is to ry  
A re a ,  M in n eso ta ,  In ten s iv e  s tu d ie s  w e re  conducted  con tinuously  in 
M in n eso ta  s in ce  the  m i d - 1 9 5 0 's inc lud ing  deve lopm en t of r a d io ­
t e l e m e t r y  tec h n iq u e s  (M a rs h a l l  and Kupa 1963, M a rs h a l l  1963,
C o c h ra n  ^  1965, H eezen  and  T e s t e r  1967, B ra n d e r  1967 and
1 9 6 8 , N icho lls  and  W a rn e r  1972, and  A rc h ib a ld  1975). T he e m p h a s is  
of the  v a r io u s  r e s e a r c h  t e a m s  head ed  by Gullion and  M a rs h a l l  w as 
to  d e s c r ib e  f a c to r s  in flu en c ing  the  popu la tion  eco logy  of Ruffed G ro u se ,
In the  w e s te r n  U nited  S ta te s ,  Id ah o 's  Ruffed G ro u se  w e re  s tud ied  
by M a r s h a l l  (1946) and H u n g e rfo rd  (1951 and  1953). C over  p r e f e r e n c e s  
(h ab ita t  s t r u c tu r e )  and o th e r  f a c to r s  a,ffecting g ro u se  m o v e m e n ts  w e re  
the  p r i m a r y  c o n s id e ra t io n  in  th e s e  w e s te r n  s tu d ie s .
Since  the  p r in c ip a l  o b je c t iv e s  of the  p r e s e n t  s tudy w e re  a 
th o ro u g h  s t r u c tu r a l  c h a r a c t e r i z a t io n  of t e r r i t o r i a l  m a le  Ruffed G rouse  
h a b ita t  and  d e te rm in a t io n  of the  p r i m a r y  f a c to r s  influencing  the  m o v e ­
m e n ts  of th e s e  g ro u se ,  p r i o r  r e s e a r c h  dealing  with the  h ab ita t  and 
m o v em en t  of t e r r i t o r i a l  m a le s  w as rev ie w ed  in  d e ta i l .
The Ruffed G r o u s e 's  life  h is to ry  a ffe c ts  both m o v em en ts  and 
h a b ita t  s e le c t io n  by t e r r i t o r i a l  m a le s .  F ig u r e  1 p o r t r a y e d  the  life 
h is to ry  of R uffed G ro u s e  in  N o r th e rn  Idaho (H u ngerfo rd  1953), 
D ru m m in g  and  w in te r  ran g e  se le c t io n  w e re  im p o r ta n t  se g m en ts  of 
a t e r r i t o r i a l  m a l e 's  l ife  h is to ry ,  but the  p e r io d  of m o lt  was an  a d d i­
t io n a l  a s p e c t  of g ro u se  life  w hich should  be c o n s id e re d .  King (1937) 
and Bum p et (1947) no ted  th a t  the  adu lt  m o lt  n o rm a l ly  o c c u rs  
be tw een  m id - J u ly  and the  end of S e p te m b e r .
The r e s u l t s  of r e s e a r c h  by M a rs h a l l  (1946) and H u n g e rfo rd  
(1951 and 1953) a p p e a re d  c o n tr a d ic to ry  in  th e i r  d i s c u s s io n  of w in te r  
and  s u m m e r  ra n g e s  fo r  R uffed G ro u se  in  Idaho. M a r s h a l l  m ad e  the  
c a te g o r ic a l  s ta te m e n t .
In c o n t r a s t  to  R ic h a r d s o n 's  Blue G ro u se ,  the  m o v em en ts  
of th is  b i rd  (Ruffed G ro u se)  w e re  a p p a re n t ly  quite  r e ­
s t r i c t e d .  C e r ta in ly  th e r e  w as no g e n e r a l  sh ift  in u se  of 
d i f fe re n t  a l t i tu d e s  o r  c o v e r  ty p e s .
H ow ever, c a r e fu l  e x a m in a t io n  of h is  d is t r ib u t io n  m a p  in d ic a te d  th a t
w in te r  Ruffed  G ro u se  lo c a t io n s  w e re ,  fo r  the  m o s t  p a r t ,  c lo s e r  to
th e  h e ad  of d ra in a g e s  o r  f u r th e r  f ro m  the  s t r e a m s .  A lthough a
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F ig u r e  1 . G ra p h ic  p o r t r a y a l  of the  life  h is to ry  of the  Idaho Ruffed G ro u se  in  N o r th e rn  Idaho, 
(H u n g e rfo rd  1953)
O '
to p o g ra p h ie  m a p  of the  study  a r e a  w as not p ro v id ed , th e s e  d i f f e re n c e s  
b e tw ee n  s u m m e r  and  w in te r  lo c a t io n s  cou ld  have  r e s u l te d  in  e le v a -  
t io n a l  c h an g e s  ran g in g  f r o m  a  10 fe e t  (3 m) to  100 o r  200 fe e t  (30. 5 
o r  6 l m ). In c o m p a r is o n  to  the  long s e a s o n a l  m o v e m e n ts  of 
" R ic h a r d s o n 's  G r o u s e , "  such  d i f f e r e n c e s  w e re  in s ig n if ic an t;  but, 
in  th e  ligh t of Hungerford* s d a ta  c o n c e rn in g  r e la t iv e ly  s m a l l  d i f f e r ­
e n c e s  in  a l t i tu d e  be tw een  s u m m e r  and  w in te r  ra n g e ,  the  r e s u l t s  of 
t h e s e  two s tu d ie s  b e c a m e  m o r e  c o m p l im e n ta ry .
H u n g e r fo rd  (1951 and  1953) r e p o r t e d  th a t  Ruffed G ro u se  w in te re d  
on low r id g e  to p s  60 to  200 fe e t  (18. 3 to  6 l m) above  and  a m a x im u m  
of 1050 fe e t  (320 m) f r o m  th e  r a v in e s  f r e q u e n te d  d u r in g  th e  s u m m e r .
He a ls o  no ted  la te  s u m m e r  d iu rn a l  b ro o d  m o v e m e n ts  of 150 to  350 
fe e t  (4 5 .7  to  106 .7  m) invo lv ing  a  change  in e le v a t io n  of 15 to  40 fe e t  
(4. 6 to  12 .2  m) be tw een  even ing  feed in g  and  ro o s t in g  a r e a s .  In each  
in s ta n c e ,  th e  b i rd s  took  ad v an tag e  of t e m p e r a t u r e  in v e r s io n s .  The 
r e s u l t  of th e  o b s e rv e d  u p w a rd  m o v e m e n ts  w as an  i n c r e a s e  of 7 to  8 ®F 
(3. 8 to  4 .4 ° G )  in  th e  t e m p e r a t u r e  a t  b i r d  lo c a t io n s .  H u n g e r fo rd  (1951) 
co n c luded  th a t  c o v e r  ty p e  w as  s e c o n d a ry  in  im p o r ta n c e  to m ic r o -  
c l im a t ic  c o n d it io n s  and  in v e r s io n s  th ro u g h o u t  the  y e a r .
Shaw (p e r s o n a l  co m m u n ica tio n )  in d ic a te d  th a t  R uffed G ro u se  
lo c a te d  in  the  a r e a  s u r ro u n d in g  th e  t e r r i t o r i e s  u n d e r  c o n s id e ra t io n  
in  t h i s  s tudy  w e r e  e i t h e r  on low r id g e s  s u r ro u n d in g  the  r i p a r i a n  h a b ita t  
o r  f u r t h e r  up the  w a te r s h e d  on s ide  d r a in a g e s  a t  h ig h e r  e le v a t io n s .
C h a m p lin  (unpub. f ie ld  no tes)  lo c a te d  two m a le  R uffed G ro u s e  a t  
o p p o s i te  ends  of L u b re c h t  F o r e s t  a t  e le v a t io n s  of 4600 and  5000 fe e t  
(1402. 1 to  1524 m) so m e  300 to  600 fe e t  (91 «5 to  182 .9  ni) above 
p r im e  h a b ita t  fo r  e s ta b l i s h m e n t  of t e r r i t o r i e s .  A d d itiona lly , t h r e e  
r e s e a r c h e r s  s tudying  f o r e s t  g ro u s e  on w idely  s e p a r a te d  a r e a s  of 
L u b re c h t  F o r e s t  r e p o r t e d  t e r r i t o r i a l  m a le  R uffed  G ro u se  d ru m m in g  
a c t iv i ty  only in  r i p a r i a n  h a b i ta t  a long  v a l le y  b o t to m s in  th e  S pring  of 
1975 (Shaw, p e r s o n a l  c o m m u n ic a t io n ;  P a t e r n i ,  p e r s o n a l  c o m m u n ic a ­
t io n ;  and  C h am p lin , unpub. f ie ld  n o te s ) .  T h u s ,  s h o r t - t e r m  h i s to r i c a l  
d a ta  in d ic a te d  th a t  R uffed  G ro u s e  on th e  L u b re c h t  E x p e r im e n ta l  F o r e s t  
w e re  n e i th e r  s e d e n ta r y  th e  y e a r  ro u n d  a s  r e p o r t e d  by Bum p et 
(1947), King (1937), C h a m b e rs  and  S h a rp  (1958), G ullion  ^  (1962
and  1968), and  H a le  and  D o rn ey  (1963) fo r  e a s t e r n  b i r d s  n o r  w e re  
t h e i r  w in te r in g  a r e a s  and  d ru m m in g  g ro u n d s  lo c a te d  60-200 fe e t  (18. 3- 
61 m) above  v a l le y  b o t to m s  a s  in d ic a te d  by H u n g e r fo rd  (1951 and  1953) fo r  
R uffed  G ro u se  in  N o r th e rn  Idaho. T e r r i t o r i a l  m a le  Ruffed  G ro u se  on 
L u b re c h t  F o r e s t  w in te re d  on r id g e s  s i m i l a r  to  Idaho R uffed  G ro u se  
but e s ta b l i s h e d  d ru m m in g  t e r r i t o r i e s  in  r i p a r i a n  h a b ita t  in  the  v a l le y  
b o t to m s ,
H u n g e r fo rd  (1953) r e p o r t e d  th a t  d ru m m in g  in  Idaho b egan  in 
m id - M a r c h ,  p e ak e d  in  m id - A p r i l ,  a n d  co n tin u ed  a t  f a i r ly  h igh  in te n ­
s i ty  u n t i l  m id -M a y .  He a l s o  in d ic a te d  th a t  so m e  low in te n s i ty  
d ru m m in g  co n tin ued  th ro u g h  m id - J u n e  ( F ig u r e  1). G ullion  (19 6 6 )
r e p o r t e d  th a t  peak  d ru m m in g  in te n s i ty  in  M in n eso ta  o c c u r s  w ith in  
t h r e e  days of 29 A p r i l  r e g a r d l e s s  of p lan t phenology o r  the  da te  of 
f i r s t  snow m e l t .  D ru m m in g  w as c o n s id e re d  to  be t e r r i t o r i a l  d e fe n se  
(G ullion  1967) s e rv in g  to  m a in ta in  s p a t ia l  r e la t io n s h ip s  am ong  and  
b u f fe r  zo n es  be tw een  t e r r i t o r i a l  m a le s  (A rc h ib a ld  1975). In addition^, 
d ru m m in g  w as c o n s id e re d  a  m e a n s  of a t t r a c t in g  f e m a le s  to  the  
d ru m m in g  m a l e ' s  t e r r i t o r y  fo r  c o p u la tio n  (B ra n d e r  1967 and  Bum p 
^  ad. 1947).
A lthough d ru m m in g  w as th e  p r i m a r y  e x p re s s io n  of t e r r i t o r i a l i t y  
by m a le  R uffed  G ro u se ,  p a r t ic ip a t io n  in  d ru m m in g  a c t iv i ty  w as not the  
only e x p re s s io n .  In d iv id u a l 's  r a t e s  of d ru m m in g  could  be r a t h e r  low, 
but m a le s  often  sp en t h o u rs  s tand in g  on th e i r -d ru m m in g  s ta g e  (the 
p o s i t io n  on a log u se d  e x c lu s iv e ly  fo r  d ru m m in g )  w ithout e v e r  d r u m ­
m in g  (G ullion  1 9 6 6 ). A c c o rd in g  to  G ullion  (1966), th e  p e rc e n ta g e  of 
th e  e s ta b l i s h e d  m a le s  d ru m m in g  (d ru m m in g  in ten s i ty )  w as g o v e rn e d  
p r i m a r i l y  by da te  of th e  f i r s t  s p r in g  snow m e l t .  He found peak  
d ru m m in g  in te n s i t ie s  v a r i e d  f r o m  63 to  93 p e rc e n t .  S ince m a le  
R uffed  G ro u s e  w e re  a l s o  the  e x c lu s iv e  o ccu p an ts  of the  a r e a  a ro u n d  
t h e i r  d ru m m in g  log, the  a r e a  cou ld  be c o n s id e r e d  a  t e r r i t o r y  (P i te lk a  
1 9 5 9 ). A tten d a n ce  a t  the  d ru m m in g  log and  e x c lu s iv e  occupancy  
w e re ,  t h e r e f o r e ,  a d d i t io n a l  e x p r e s s io n s  of m a le  R uffed  G ro u s e  
t e r r i t o r i a l i t y .
P e r i o d s  of a c t iv e  d ru m m in g  w e re  a l s o  e x p en s iv e  fo r  m a le
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R uffed  G ro u se  popu la tion  le v e ls  b e c a u se  th e  sound of the  d ru m m in g  
e n ab led  p r e d a to r s  to  lo c a te  the  d ru m m in g  g ro u se  (Eng and  G ullion 
1963 an d  M a r s h a l l  1968). D ru m m in g  w as, t h e r e f o r e ,  a  s ig n if ican t  
b e h a v io ra l  a c t  w ith both  i n t e r -  and  i n t r a - s p e c i f i c  im p l ic a t io n s .  In 
M in n eso ta ,  Eng and  G ullion  (1962) d o c u m e n te d  t h a t  Goshaw k p re d a t io n  
on R uffed  G ro u se  a c c o u n ts  fo r  24 p e rc e n t  of t h e i r  to ta l  e s t im a te d  lo s s  
and  58 p e rc e n t  of th e  p re d a t io n  l o s s e s  r e c o r d e d .  Of the  to ta l  g ro u se  
l o s s e s ,  63 p e rc e n t  w e re  a c t iv e ly  d ru m m in g ,  le g -b a n d e d  m a le s .
S ince  the  g ro u s e  se x  r a t i o  w as equa l a t  the  t im e  of banding. G oshaw ks 
w e re  s e le c t iv e ly  p re y in g  on d ru m m in g  m a le s .  D ru m m in g  logs u se d  
by t e r r i t o r i a l  m a le s  a p p e a re d  " p r e d a to r  p ro o f" ;  but a s  th e  b i r d s  
t r a v e le d  to  and  f r o m  t h e i r  lo gs ,  th ey  w e re  v u ln e ra b le  to  Goshaw k 
p re d a t io n  (G ullion and  M a r s h a l l  1968). A f in a l  f a c to r  r e g a rd in g  m a le  
R uffed  G ro u s e  su s c e p t ib i l i ty  to  G oshaw k p re d a t io n  w as the  d ru m m in g  
lo g 's  h i s to r y .  G ullion  and  M a r s h a l l  ( 1 9 6 8 ) in d ic a te d  th a t  b i rd s  
s e le c t in g  p r i m a r y  lo g s  w ith  no h i s to r y  of p r i o r  u se  ( t r a n s ie n t  logs) 
had  a  l ife  e x p ec ta n cy  th a t  w as  fo u r  m o n th s  lo n g e r  th an  m a le s  s e le c t in g  
a log  w ith  a  long h i s to r y  of u se  (p e re n n ia l  lo g s) .  T h e s e  a u th o r s  a ls o  
s ta te d  th a t  a  m a le  chang ing  p r i m a r y  logs a lm o s t  doubled  h is  life  span . 
M ale  R uffed  G ro u s e  l ife  e x p e c ta n c y  w as  r e l a t e d  to  log h i s to r y  and  the  
p r e d a t o r ' s  know ledge of g ro u s e  m o v e m e n ts  a n d  a v en u e s  of a p p ro a c h  
to  and  e s c a p e  f r o m  t h e i r  d ru m m in g  log (G ullion and  M a r s h a l l  1 9 6 8 ) .
G oshaw k p re d a t io n  w as h e a v ie s t  on d ru m m in g  m a le s  with
11
t e r r i t o r i e s  c lo s e r  to  th e  fo c a l  po in t of th e  r a p t o r ' s  hunting a r e a .  
R e s e a r c h  by Eng an d  G uIlian  (1962) in d ic a te d  the  e x is te n c e  of a 1 /2  
m i le  ( 0 .8  km) " c i r c l e  of s u p p re s s io n "  in  w hich  few d r u m m e r s  s u r ­
v iv e d  a  w eek of d ru m m in g .  T hey  a l s o  in d ic a te d  th a t  of 37 m a le  g ro u se  
ta k e n  by G oshaw ks 32 w e re  on t e r r i t o r i e s  l e s s  th an  1 l / 4  m i le s  (2 .01 
km) of the  r a p t o r ' s  feed ing  a r e a  and  26 w e re  w ith in  one m ile  (1.6 km ). 
In th e i r  d i s c u s s io n  of G oshaw k p re d a t io n  on Ruffed  G ro u se ,  Eng and  
G ullion  (1962) s ta te d
We canno t a c c u r a t e ly  m e a s u r e  how m u ch  of th is  lo w er  
p o pu la tion  w ith in  th e  \ / Z  m i le  (0 .8  km) " c i r c l e  of s u p ­
p re s s io n "  is  due to  l e s s  s a t i s f a c to r y  h a b i ta t  and  how m u ch  
i s  due to  the  e f fe c ts  of p r e d a t io n  by a s ing le  s p e c ie s .
C hanges  in  th e  a r e a  o ccu p ied  by t e r r i t o r i a l  m a le  Ruffed  G ro u se  
w e re  in v e s t ig a te d  by A rc h ib a ld  (1975) who found th a t  t e r r i t o r y  s iz e  
w as in v e r s e ly  r e l a te d  to  the  d ru m m in g  r a t e  of each  m a le .  The c u m u ­
la t iv e  hom e ra n g e  o ccup ied  d u r in g  the  d ru m m in g  se a so n , 9 A p r i l  to  
10 June , w as 6. 7 to  8. 9 h e c t a r e s  (16. 6 -2 2 . 0 a c r e s ) . D uring  th is  
s a m e  p e r io d  a  c o re  a r e a  a v e ra g in g  2 .2 6  h e c t a r e s  (5 .5 8  a c r e s )  e x is te d  
a ro u n d  e a c h  b i r d 's  p r i m a r y  d ru m m in g  log. D u rin g  the  w eek  im m e d i ­
a te ly  p re c e d in g  the  peak  of d ru m m in g  in te n s i ty ,  the  ra n g e  s iz e  w as 
a p p ro x im a te ly  eq u a l  to  th e  s iz e  of th e  c o r e  a r e a ,  and  d u ring  the  w eek  
of peak  in te n s i ty  th e  ra n g e  w as  2. 75 h e c t a r e s  (6. 80 a c r e s ) .  A d d it io n ­
a lly ,  th e  w eek ly  r a n g e s  of the  f if th  to  se co n d  w eeks  p r io r  to  the  peak  
of d ru m m in g  w e re  a p p ro x im a te ly  2 .7 5  h e c t a r e s  (6 .8 0  a c r e s ) .  
A r c h ib a ld 's  r e s u l t s  in d ic a te d  th a t  th e  c e n t e r s  of w eek ly  r a n g e s
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d u r in g  th e  d ru m m in g  s e a s o n  c l u s t e r e d  a ro u n d  the  p r i m a r y  d ru m m in g  
log  of e a c h  m a le .  A r a p id  i n c r e a s e  in  c u m u la t iv e  ra n g e  often  o c c u r r e d  
a t  th e  end  of the  d ru m m in g  s e a s o n .  F in a l ly ,  A rc h ib a ld  (1975) s t a t e d ,  
" T h e  tw o m a jo r  f a c to r s  w hich  in f lu e n ce  the  s p r in g  sp a c e  u s e  of d r u m ­
m in g  m a le s  p ro b a b ly  a r e  h a b i ta t  q u a li ty  and  n e ig h b o r in g  m a l e s . "
T h e  im p o r ta n c e  of " q u a l i ty  h a b ita t"  to  m a le  R uffed  G ro u s e  
p o p u la t io n s  and  u se  of sp a c e  had b een  im p l ie d  th ro u g h o u t  the  l i t e r a ­
t u r e .  M ost r e s e a r c h e r s  a g r e e d  th a t  e a r ly  s ta g e s  of s u c c e s s io n  p r o ­
v id ed  good g ro u s e  h a b i ta t  a n d  th a t  c o n v e r t in g  c lo s e d  canopy  c o n ife r  
s ta n d s  to  an  e a r l i e r  s ta g e  of s u c c e s s io n  im p r o v e d  g ro u s e  h a b i ta t .  
B a iley  a n d  A le x a n d e r  (I960) o b s e rv e d  R uffed  G ro u s e  u s in g  c lo s e d  
canopy  c o n ife r  p la n ta t io n  only in  th e  a r e a  of b r u s h  hedge  ro w s ,  s m a l l  
o p en in gs , p a tc h e s  of h a rd w o o d s ,  b low -dow n  a r e a s  w ith  b r a m b le  and  
sa p l in g  c o v e r ,  and  e a r ly  old f ie ld  s u c c e s s io n .  In 1970, G u llion  
r e p o r t e d  th a t  Ruffed  G ro u s e  w e re  a s s o c i a t e d  w ith  e a r ly  s t a g e s  of 
s u c c e s s io n  w h e re  a s p e n  w as a b u n d an t .  He in d ic a te d  the  im p o r ta n c e  
of f i r e  and  w ind in  c r e a t in g  s u c h  c o n d it io n s .  Bum p e t (1947), 
C h a m b e r s  and  S h a rp  (1958), a n d  S h a rp  (1963) no ted  th e  im p o r ta n c e  
of e a r l y  s u c c è s s io n a l  s t a g e s  to  R uffed  G ro u s e  h a b ita t .
Som e g e n e r a l i z a t io n s  c o n c e rn in g  R uffed  G ro u s e  h a b i ta t  w e re  
c o n t r a d ic to r y ,  but th e  b a s ic  d a ta  u s e d  in  th e  fo rm u la t io n  of m a n y  
of th e  g e n e r a l i z a t io n s  w e re  s u r p r i s in g ly  c o m p l im e n ta r y .  In t h e i r  
d i s c u s s io n  of R uffed  G ro u s e  h a b i ta t  B um p et a l .  (1947) m a d e  the
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fo llow ing  s ta te m e n ts
P e r h a p s  only th e  g r o u s e - w i s e  w il l  r e c o g n iz e  the  i m p o r ­
ta n c e  of e m p h a s iz in g ,  a s  th e  e s s e n t i a l  d i f fe re n c e ,  the  
c h a r a c t e r  r a t h e r  th a n  th e  k inds  o r  s p e c ie s  of p la n ts  a s  
th e  b a s i s  of type  d i f f e r e n t ia t io n  b e s t  su i te d  f o r  the  p u r ­
p o se  a t  hand .
T h ey  f u r t h e r  s ta te d :
T he g ro u s e  i s . . .  so  a d a p ta b le  th a t  no one o r  two s p e c ie s  
a r e  in d is p e n s a b le  to  i t s  w e l f a r e .  R a th e r  i t  i s  the  g ro u p s  
of p la n ts  m o r e  o r  l e s s  c h a r a c t e r i s t i c  of eac h  typ e , w hich, 
in  whole o r  in  p a r t ,  s e r v e  to  fu lf i l l  one o r  m o r e  of th e  b i r d 's  
p r in c ip a l  n e e d s .
In h is  s tu d ie s  of th e  e f fe c ts  of m ic r o c l im a te  on R uffed  G ro u se  c o v e r
u se  H u n g e r fo rd  (1951) c a m e  to  s i m i l a r  c o n c lu s io n s  and  n o ted , "T h e
r e s t in g  c o v e r  i s  u s u a l ly  a t ig h t  c lu m p  of any of th e s e  k inds  (co n ife r  o r
hardw ood) of c o v e r  in  th e  ra v in e  a d ja c e n t  to  a  s o u rc e  of w a t e r . "  In
h is  d i s c u s s io n  of ro o s t in g  c o v e r  H u n g e r fo rd  (1951) concluded :
. . . t h e r e  i s  a  s t r o n g e r  c o n n ec tio n  w ith  th e  u se  of c e r t a i n  
a l t i tu d in a l  b e l t s  th a n  w ith  c o v e r  ty p e s  u s e d .  T he t h e r m a l  
b e l t ,  . , i s ,  . .  7 ® to  8® F  (3, 8 to  4 , 4®C) w a r m e r  th an  the  
r a v i n e , , , ,
On the  o th e r  hand, G ullion  and  M a r s h a l l  ( 1968) found th a t  " a n  a d e q u a te
n u m b e r  of m a t u r e  (40 to  50 y e a r  old) a s p e n  w ith in  s igh t of o r  n e a r  the
d ru m m in g  log . . ,  (g o v e rn s )  th e  m a l e s  c h o ic e  of a d ru m m in g  log and  an
a c t iv i ty  c e n t e r . "  W hen a d d r e s s in g  a t e r r i t o r i a l  m a l e ' s  s u rv iv a l ,
h o w e v e r ,  th ey  d rew  th e  fo llow ing  se e m in g ly  c o n t r a d ic to ry  co n c lu s io n :
It i s  th e  g ro w th  f o r m  o r  p h y s ic a l  c h a r a c t e r i s t i c s  of the  
t r e e s  r a t h e r  th an  th e  s p e c ie s  of t r e e s  th a t  a f fe c t  g ro u s e  
s u r v iv a l  in  a  f o r e s t  h a b i ta t .  T h u s ,  th e  g ro w th  f o r m  of
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p in es  a s  th ey  m a tu r e  [which p ro v id e s  h igh h o r iz o n ta l  
c o v e r  fo r  a t ta c k in g  Goshawks! m a k e s  (p ines) e c o lo g ic a l  
t r a p s  fo r  g ro u s e .  S p ru c e  and  b a l s a m  f i r  a r e  l e s s  d a n g e r ­
ous and  h a rd w o o d s  p ro v id e  the  b e s t  f o r e s t  c o v e r  of a l l  in  
th is  n o r th e r n  M in n eso ta  c o u n try s id e .
T he  p o s i t io n  tak e n  by G ullion  and  M a r s h a l l  (1968) r e g a rd in g  Ruffed
G ro u s e  h a b i ta t  w as  th a t  a s p e n  w as e s s e n t i a l  fo r  g ro u s e  s e le c t io n  of
h a b ita t ,  but the  g row th  fo rm ,  o r  s t r u c t u r a l  c h a r a c t e r i s t i c s ,  of the
t r e e s  w as the  p r i m a r y  f a c to r  a f fe c t in g  g ro u s e  s u rv iv a l  in  the  s e le c te d
h a b ita t .
In t h e i r  d i s c u s s io n  of th e  s p a t ia l  a r r a n g e m e n t s  of R uffed  G ro u se
h a b ita t .  B um p e t a l .  (1947) in d ic a te d  th a t  g r e a t e r  d i s ta n c e s  be tw een
h a b ita t  ty p e s  r e s u l t e d  in  l a r g e r  t e r r i t o r i e s  and  fe w e r  b i r d s .  T hey  a ls o
r e l a t e d  t h e i r  in s ig h t  in to  i n t e r s p e r s i o n  and  h a b i ta t  v a r i e ty  a s  fo llow s;
T h e  m o r e  c o m p o s i te  th e  v e g e ta t io n  is  in  e a c h  type , th e  l e s s  
im p o r ta n t  i s  a  h igh  d e g re e  of i n t e r s p e r s i o n  of t y p e s . , , . P r o ­
du c tiv e  a r e a s  have  not only a good a r r a n g e m e n t  of c o v e r  
ty p e s  but a l s o  a  v a r i e ty  of v e g e ta t io n  w ith in  each .
A c c o rd in g  to  the  l i t e r a t u r e ,  good g ro u s e  h a b i ta t  e x is te d  when h a b ita t  
ty p e s  had  good s p e c ie s  d iv e r s i ty ,  i n t e r s p e r s i o n ,  and  o c c u r r e d  in  
c lo s e  p ro x im i ty  to  o th e r  ty p e s .  W ith  th e  p o s s ib le  e x cep tio n  of a sp e n ,  
th e  s t r u c t u r a l  c h a r a c t e r i s t i c s  r a t h e r  th a n  p a r t i c u l a r  sp e c ie s  found in 
th e  h a b i ta t  d e te r m in e d  th e  q u a li ty  of the  h a b ita t .
A deq ua te  d e ta i l s  c o n c e rn in g  th e  s t r u c tu r e ,  both  v e r t i c a l  l a y e r ­
ing and  h o r iz o n ta l  a r r a n g e m e n t ,  of R uffed  G ro u s e  h a b ita t  have  not 
b e en  fo r th c o m in g  in  the  " l i t e r a tu r e .  B um p et a l . (1947) p r e s e n te d  a 
g e n e r a l  h a b i ta t  c la s s i f i c a t io n  s c h e m e  b a s e d  on t h e i r  s tudy  a r e a s .
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G u ilion  and  M a r s h a l l  (1968) a l s o  c l a s s i f i e d  and  co ded  g ro u s e  h a b ita t  
by in d ic a t in g  th e  p r e s e n c e  o r  a b s e n c e  of a s p e n  and  the  g row th  f o r m  
of c o n i f e r s ,  i f  any, o c c u r r in g  in  an  a r e a .  B ack ed  by an  i m p r e s s iv e  
q u a n ti ty  of d a ta  c o n c e rn in g  the  p o p u la tio n  d y n a m ic s  of m a le  Ruffed  
G ro u s e ,  G uilion  and  M a r s h a l l  (1968) in d ic a te d  low s u r v iv a l  am ong  
t e r r i t o r i a l  m a le s  in  "h igh  t r e e  c o n ife r"  ( ta l l  s e l f -p ru n e d )  h a b i ta t  a s  
d id  Eng and  G uilion  (1962). W ork in g  w ith  b ro o d s  d u r in g  th e  p e r io d  
of b r e a k - u p  and  d i s p e r s a l ,  G o d frey  and  M a r s h a l l  (1969) a l s o  no ted  
a v o id a n c e  of h igh  t r e e  c o n ife r  h a b ita t .  H u n g e r fo rd  (1951), B a iley  
a n d  A le x a n d e r  (I960), C h a m b e r s  and  S h a rp  (1963) in d ic a te d  v a ry in g  
d e g r e e s  of c o n ife r  u s e  by a l l  a g e s  of g ro u s e .  U n fo r tu n a te ly ,  the  
s ta n d s  w e re  d e s c r ib e d  a s  e i t h e r  p o l e - t im b e r ,  two to  s ix  in c h e s  
(5. 1 to  15 .2  cm) DBH, o r  30 to  40 y e a r s  old, but the  g ro w th  f o r m  
of the  c o n i f e r s  w as no t m e n t io n e d .  Som e s p e c ie s ,  l i s t e d  by the  l a t e r  
a u th o r s ,  w e s t e r n  r e d c e d a r  (T hu ja  p l i c a ta ). P a c i f i c  yew (T ax u s  
b re v i fo l ia  ), and  E n g e lm a n n  s p r u c e  (P ic e a  e n g e lm a n n i) had  g row th  
f o r m s  l ik e  f i r s  and  s p r u c e s  no t c o n s id e r e d  a s  d a n g e ro u s  by M in n eso ta  
r e s e a r c h e r s  w hile  o th e r  s p e c ie s  su ch  a s  p i tc h  p ine  (P in u s  r ig ida )  
and  e a s t e r n  and  w e s t e r n  w h ite  p ine  (P. s t r o b u s  and  P .  m o n t ic o la ) 
cou ld  be the  m o r e  d a n g e ro u s  h igh  t r e e  p in es  in  th e  M in n e so ta  c l a s s i f i ­
c a t io n .  T h u s ,  th e  e f fe c t  of c o n if e ro u s  c o v e r  on R uffed  G ro u s e  h a b i ta t  
s e le c t io n  and  s u r v iv a l  r e m a in e d  c lo u d ed .
G e n e r a l i z e d  s t r u c t u r a l  c h a r a c t e r i s t i c s  of R uffed  G ro u se  h a b i ta t
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hav e  b een  d i s c u s s e d  to  so m e  e x te n t .  G uilion  (1970) d e s c r ib e d  c o v e r  
a s  1) s h o r t  v e r t i c a l  c o v e r ,  th e  s te m s  of t a l l  b r u s h  and  young t r e e s  
o v e r  l i t t e r  f r e e  g rou nd  w h ich  a l lo w e d  s u r v e i l l a n c e  of n e a rb y  la n d ­
sc a p e ;  2) h o r iz o n ta l  c o v e r ,  b r u s h  p i le s ,  f a l le n  t r e e  to p s ,  l im b  
s la s h in g s ;  and  3) p r e d a to r  c o v e r ,  o v e r - h e a d  boughs of e v e r g r e e n s .
In h is  d e s c r ip t io n  of even ing  feed ing  a r e a s ,  H u n g e r fo rd  (1951) m e n ­
t io n e d  th a t  old logging  ro a d s ,  lan d in g s ,  r a i l r o a d  g r a d e s ,  and  n a tu r a l  
open ings  o c c u r r in g  in  r a v in e s  u s e d  by g ro u s e  w e re  n e i th e r  p u re  g r a s s  
n o r  a  d e n se  g ro w th  of s h r u b s  o r  t r e e s .  F ood  and  c o v e r  w e re  e x c e l le n t  
in  a r e a s  be ing  c o n s id e r e d  by S h a rp  (1963) b e c a u s e  of th e  d iv e r s i ty  and  
i n t e r s p e r s i o n  of s e r a i  age  c l a s s e s  a n d  lu x u r ia n t  g row th  in  sh ru b  and  
fo rb  l a y e r s .  S h a rp  a l s o  s ta te d  th a t  c o p p ice  and  pole  t im b e r  d id  not 
in f lu e n c e  a d u l ts  a d v e r s e ly ,  but young b ro o d s  d id  not u s e  su ch  a r e a s .  
V e r t i c a l  d iv e r s i ty  and  la y e r in g  of th e  v a r io u s  v e g e ta t io n  c l a s s e s ,  
g r a s s e s ,  h e r b s ,  s h r u b s ,  and  d e c id u o u s  t r e e s  a s  w e ll  a s  good i n t e r -  
s p e r s i o n  of th e s e  c l a s s e s  w ith in  a v e g e ta t io n  type  w as in d ic a te d .
A t te m p ts  to  c h a r a c t e r i z e  d ru m m in g  s i t e s  have  not b e en  o v e r ly  
s u c c e s s f u l ,  but a few o b s e rv a t io n s  w e re  p o s s ib le .  G uilion  e t a l .
(1962) o b s e r v e d  th a t  logs  w e re  lo c a te d  a t  e i t h e r  a  b r e a k  in  o r  a t  t h e  
foo t of a  hi] Is  id  e w h e re  th e  g ro u n d  w as v i s ib le  fo r  15 to  20 y a r d s  
(13. 8 to  18. 3 m ), a n d  th e  d ru m m in g  s ta g e  (u su a l ly  found on a log) 
w as  e le v a te d  6 in c h e s  to  3 fe e t  (15.2 to  9 W  c m ). O ver 70 p e r c e n t  of 
th e  lo g s  s tu d ie d  w e re  lo c a te d  in  a  sh ru b b y  c o v e r  w ith  no o v e rh e a d
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canopy , a t  th e  f o r e s t  edge, o r  in  s ta n d s  w ith  l e s s  th an  60 p e rc e n t  
c ro w n  c lo s u r e .  One fo u r th  of th e  logs  o c c u r r in g  in s ta n d s  w ith  m o r e  
th a n  60 p e rc e n t  c ro w n  c lo s u r e  w e re  in  h a rd w o o d  s ta n d s  hav ing  no 
le a v e s  d u r in g  th e  d ru m m in g  s e a s o n .  D ru m m in g  logs e x is t in g  u n d e r  
c lo s e d  canopy  e v e n -a g e  c o n i f e r s  on le v e l  g ro u n d  a c c o u n te d  fo r  only 
7 p e rc e n t  of the  known log s  d i s c u s s e d  by th e s e  a u th o r s .
One of the  m o r e  d e ta i le d  a t t e m p ts  to  c h a r a c t e r i z e  m a le  d r u m ­
m ing  s i t e s  w as a s tudy  co n d u c ted  by P a l m e r  (1963) u s in g  n ine  l / 4
2 2 m i l a c r e  (10 m  ) p lo ts  fo u r  m i l a c r e  (40 m  ) t r a n s e c t s .  F iv e  l / 4
m i l a c r e  (10 m ^) p lo ts  w e re  p la c e d  a ro u n d  the  d ru m m in g  log and  
fo u r  w e re  lo c a te d  a t  th e  end of e ac h  t r a n s e c t .  The t r a n s e c t s  w e re  
66 fe e t  (20. 1 m) long, 6. 6 fe e t  (2. 0 m) w ide, and  o r ie n te d  a long  
c a r d in a l  d i r e c t io n s .  P a l m e r  d iv id ed  the  t r a n s e c t s  in h a lf  and  c o m ­
p a r e d  the  v e g e ta t io n  in  th e  n e a r  h a lf  of th e  t r a n s e c t s  an d  4 c e n te r
l / 4  m i l a c r e  (10 m  ) p lo ts  w ith  v e g e ta t io n  found in  th e  f a r  h a lf  of th e
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t r a n s e c t s  and  d is ta n t  l / 4  m i l a c r e  (10 m  ) p lo ts .  T he  l / 4 m i l a c r e  
(10 m ^) p lo t c e n t e r e d  a t  the  d r u m m in g  s ta g e  w as ex c lu ded  to  a c c o m ­
m o d a te  p a i r e d  plot a n a ly s i s .  P a l m e r  c h o se  th e  fo llow ing v e r t i c a l  
v e g e ta t io n  s t r a t a ;  1) 0 to  2 f e e t  ( 0 - .6 1  m), 2) 2 to  5 f e e t  ( . 6 1 - 1 ,5 2  m),
3) 5 to  8 f e e t  ( 1 . 5 2 -  2 .4 4  m ), and  4) g r e a t e r  th an  8 fe e t  (2 .4 4  m ),
and  he d e te r m in e d  the  d e n s i ty  of the  w o o d y - s te m m e d  v e g e ta t io n  in  
e a c h  s t r a tu m .  In a d d it io n ,  s e v e r a l  p a r a m e t e r s  of th e  d ru m m in g  logs 
w e r e  m e a s u r e d .  A c c o rd in g  to  P a l m e r ' s  (19&3) f in d ing s , th e  d e n s i ty
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in  s t r a t u m  one w as r e d u c e d  c lo s e  to  th e  d ru m m in g  log whUe th e  
d e n s i ty  in  s t r a t u m  f o u r  w as  g r e a t e r  c lo s e  to  th e  d r u m m in g  log th an  
th e  d e n s i ty  of th e  s a m e  tw o  s t r a t a  in  m o r e  d i s t a n t  p o r t io n s  of th e  
h a b i ta t .  None of th e  log p a r a m e t e r s  m e a s u r e d  w e r e  a d e q u a te  to  
d i s t in g u is h  d ru m m in g  lo g s  f r o m  lo g s  no t u s e d  fo r  d r u m m in g .  He a l s o  
n o te d  th a t  th e  d e n s i ty  of w oody v e g e ta t io n  w as  n o t a  s a t i s f a c to r y  m e a n s  
of s e p a r a t in g  p e r e n n i a l  d r u m m in g  lo g s  f r o m  t r a n s i e n t  lo g s .
B oag  a n d  S u m a n ik  (1969) a l s o  a t t e m p te d  to  c h a r a c t e r i z e  d r u m ­
m in g  s i t e s .  T h e s e  a u th o r s  c o m p a r e d  e s t im a t e d  d e n s i t i e s  a n d  c o v e r  
of a l l  s p e c ie s  found  w ith in  a  50 rr? a r e a  c e n t e r e d  a t  a c tu a l  a n d  p o te n ­
t i a l  d ru m m in g  s t a g e s .  T h e y  a l s o  m e a s u r e d  th e  p h y s ic a l  c h a r a c t e r ­
i s t i c s  of th e  d ru m m in g  s ta g e  i t s e l f .  A c c o rd in g  to  t h e i r  d a ta ,  d e n s i ty  
in  th e  t r e e  l a y e r  w as  of l e s s  i m p o r t a n c e  th a n  th a t  in  th e  s h ru b  l a y e r  
in  c r e a t in g  a n  a c c e p ta b le  d r u m m in g  s i t e .  In th e  s h ru b  l a y e r ,  th e  
d e n s i ty  a n d  c o v e r  of r o s e  (R o sa  spp.) a n d  w h ite  s p r u c e  ( P ic e a  g la u c a ) 
w a s  g r e a t e r  a ro u n d  a c t u a l  d r u m m in g  s t a g e s .  B oag a n d  S u m an ik  
s ta te d ,
. . . i t  a p p e a r s  th a t  th e  s e l e c t io n  of d r u m m in g  s i t e s  by 
R u ffed  G ro u s e  i s  no t a  r a n d o m  p r o c e s s  bu t i s  d e p e n d e n t  
on th e  s iz e  a n d  l e v e ln e s s  of th e  d ru m m in g  s ta g e ,  th e  
d e n s i ty ,  f r e q u e n c y ,  a n d  p e r h a p s  m o s t  im p o r ta n t ,  th e  
can o p y  c o v e r a g e  a f f o r d e d  by c e r t a i n  s p e c i e s  of p la n ts  
a t  th e  s i t e .
F in a l ly  Eng (in  B oag  a n d  S u m a n ik  1969) c h a r a c t e r i z i n g  d ru m m in g  
lo g s ,  n o te d  th a t  . . t h e  m o s t  c o n s i s t e n t  f a c t o r  of th e  a s s o c i a t e d
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v e g e ta t io n  w as  th e  p r e s e n c e  of v e g e ta t io n  d i r e c t l y  o v e r  th e  po in t of 
d r u m m in g .  "
A f in a l  c o n s id e r a t i o n  c o n c e rn in g  R uffed  G ro u s e  h a b i ta t  w as  
g ro u s e  food h a b i ts  (A ppend ix  I). B um p e t  a l .  (1947) l i s t e d  a  n u m b e r  
of p la n t  f a m i l i e s  a n d  g e n e r a  a s  im p o r ta n t  food  s o u r c e s  in  New Y ork , 
H u n g e r fo rd  (1951) a d d e d  to  th e  l i s t  a s  d id  G u ilion  (1970) who n o ted  
th a t  the  g r o u s e  e a t  f lo w e r s ,  c a tk in s  a n d  f r u i t s  a s  th e y  b e c a m e  a v a i l ­
a b le .
B e c a u s e  R uffed  G ro u s e  h a b i ta t  w as  n o r m a l ly  a s s o c i a t e d  w ith  
e a r l y  s t a g e s  of f o r e s t  s u c c e s s io n  an d  d i s tu r b a n c e s  in  c lo s e d  canop y  
f o r e s t s ,  f o r e s t  m a n a g e m e n t  p r a c t i c e s ,  p a r t i c u l a r l y  t i m b e r  h a r v e s t s  
a n d  s ta n d  i m p r o v e m e n t s ,  w e r e  in v e s t ig a te d  a s  m e th o d s  of im p ro v in g  
g ro u s e  h a b i ta t .  G u il ion  e t  a l .  (1970) o b s e r v e d  th a t  th e  c h o ic e  of 
t e r r i t o r i e s  w a s  n e i t h e r  a d v e r s e l y  n o r  p o s i t iv e ly  in f lu e n c e d  by c l e a r -  
c u t t in g  on p e r e n n ia l  t e r r i t o r i e s .  T h ey  a l s o  n o te d  c o n tin u e d  u s e  of 
lo g s  a f t e r  e x te n s iv e  m o d i f ic a t io n  of e x is t in g  h a b i ta t  n e a r  th e  lo g s .  
Only a f t e r  th e  d ru m m in g  s ta g e  w as  c o v e r e d  by  s l a s h  w a s  a  new s ta g e  
o r  log c h o s e n  (G u ilion  et 1962), W hen a d d r e s s in g  f o r e s t e r ' s  
e f f o r t s  to  i n c r e a s e  c o n i f e r  p ro d u c t io n  t h e s e  r e s e a r c h e r s  in d ic a te d  
th a t
. . .  in  C lo q u e t  F o r e s t .  . . ,  e x te n s iv e  a n d  e x p e n s iv e  
m a n a g e m e n t  e f f o r t s  d i r e c t e d  to w a r d s  e s t a b l i s h in g  
c o n i f e r  s ta n d s  in  h a rd w o o d  f o r e s t s  o r  t o w a rd s  i n ­
c r e a s i n g  th e  p r e v a l e n c e  of (c o n ife r)  edge  s i tu a t io n s ,
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i s  p ro b a b ly  no t j u s t i f i a b le ,  no t if  i t s  m a in  p u rp o s e  is  to  
im p r o v e  th e  h a b i ta t  f o r  R uffed  G ro u s e .
On the  o th e r  hand , c o n i f e r  c o v e r  a d ja c e n t  to  c l e a r i n g s  a n d  n a tu r a l
o p e n in g s  on r id g e s  a n d  u p p e r  s lo p e s  w a s  im p o r ta n t  b ro o d  c o v e r  in
Id ah o  (H u n g e r fo rd  1951). In P e n n s y lv a n ia ,  S h a rp  (1963) r e p o r t e d  a
m a r k e d  i n c r e a s e  in  g r o u s e  n u m b e r s  in  r e s p o n s e  to  l / 4  to  1 a c r e
(1011.7“ 046.9  m ^) c l e a r - c u t s  in  a  p o l e - t i m b e r  s ta n d .  F o r  th e  f i r s t  3
to  5 y e a r s  th e  cu t a r e a s  w e r e  e x c e l le n t  f o r  R uffed  G ro u s e  b r o o d s .  A s
c o p p ic e  f r o m  s tu m p  s p r o u t s  a p p ro a c h e d  6 f e e t  (1 .8  m) in  h e ig h t  and  fu l l
c ro w n  c o v e r  in  5 to  7 y e a r s ,  th e  c o p p ic e  e x c lu d e d  m o r e  l ig h t  th a n  
th e  o ld  f o r e s t  c an o p y  r e s u l t i n g  in  a  r a p id  d e c r e a s e  of g r a s s e s  and  
h e r b s  in  the  lo w e r  s t r a t a .  A d u lt  g r o u s e  w e r e  no t a d v e r s e l y  a f f e c te d  
by t a l l  c o p p ic e  o r  th e  a d ja c e n t  p o l e - t i m b e r .  O v e r s to r y  r e m o v a l ,  
a c c o r d in g  to  S h a rp  (1963), d id  no t g u a ra n te e  r e l e a s e  of s u p p r e s s e d  
p la n t  s p e c i e s  not v i s ib le  p r i o r  to  c u t t in g .  He n o ted  th a t  l i t t e r  r e ­
m o v a l  a n d  f i r e  o ften  s t im u la te d  g e r m in a t io n  of d o r m a n t  s e e d s .
B u m p  e t  a l . (1947) a l s o  c o n s i d e r e d  s m a l l  c l e a r - c u t s  a n d  b u rn s  
v a lu a b le  m e a n s  of im p ro v in g  R u ffed  G r o u s e  h a b i ta t ,  bu t th e y  a d d e d  
th a t  p o p u la t io n  i n c r e a s e s  w e r e  no t f o r th c o m in g  in  a r e a s  a l r e a d y  
c o n ta in in g  an  a d e q u a te  n u m b e r  of o p e n in g s .
A lth o u g h  c l e a r - c u t s ,  s m a l l  o p en in g s  e i t h e r  n a tu r a l  o r  m a n -  
m a d e ,  s h r u b  f i e ld s ,  m e a d o w s ,  a n d  r i p a r i a n  a r e a s  co u ld  be  good 
g r o u s e  h a b i ta t ,  su c h  a r e a s  co u ld  a l s o  be w e ll  s u i te d  to  c a t t l e ,  d e e r .
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elk) a n d  o th e r  s p e c ie s  of w i ld l i fe .  B um p  e t a l .  (1947) in d ic a te d  
th a t  c a t t l e  g r a z in g  m a in ta in e d  th e  g r a s s  on f a r m  p a s t u r e s ,  but a f t e r  
th e  f a r m s  w e r e  ab an d o n ed , s u c c e s s io n  in  p a s t u r e s  r e s u l t e d  in  b r u s h  
f i e ld s  p ro v id in g  h a b i ta t  f o r  g r o u s e .  D e e r  b ro w s in g  in  s m a l l  c l e a r -  
c u ts  d e s ig n e d  fo r  g r o u s e  h a b i ta t  im p r o v e m e n t  r e t a r d e d  h e ig h t  g ro w th  
a n d  i n c r e a s e d  c ro w n  d i a m e t e r  of c o p p ic e  g ro w th  a c c o rd in g  to  S h a rp  
(19b3). C o p p ice  c ro w n  c lo s u r e  s u p p r e s s e d  th e  g r a s s  a n d  h e r b  s t r a t a  
g ro w th .  In 1963, P a l m e r  r e p o r t e d  th a t  d e e r  o v e rb ro w s in g  r e s u l t e d  
in  e r a d i c a t i o n  of m a n y  p la n ts  w h ich  once  s e r v e d  a s  s h ru b  c o v e r  fo r  
R uffed  G ro u s e .  T h e s e  r e s e a r c h e r s  in d ic a te d  th a t  c a t t l e ,  d e e r ,  an d  
e lk  cou ld  r e t a r d  s u c c e s s io n  in  an  u n fa v o ra b le  s ta g e  o r  m o d ify  p la n ts  
a l r e a d y  in  a  f a v o r a b le  s u c c e s s io n a l  s ta g e  r e n d e r in g  th e  h a b i ta t  u n ­
s a t i s f a c to r y  fo r  R u ffed  G r o u s e .
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STUDY AREA
T h e  s tu d y  w as  c o n d u c te d  on s e c t io n  13 of T13N, R15W of th e  
L u b r e c h t  E x p e r im e n ta l  F o r e s t  in  th e  B lac k fo o t  R iv e r  D ra in a g e ,  30 
m i l e s  (4 8 .2 7  km) e a s t  of M is s o u la ,  M o n tana  ( F ig u r e  2).
T o p o g ra p h y
T e r r a i n  w ith in  th e  a r e a  e x a m in e d  w as  c h a r a c t e r i z e d  a s  r a t h e r  
g e n tle  ( F ig u r e  2). Tw o of th e  fo u r  R uffed  G ro u s e  t e r r i t o r i e s  s tu d ie d  
w e r e  lo c a te d  on th e  p r i m a r y  d r a in a g e  of s e c t io n  13, a n d  th e  t h i r d  
w as found  on a  s e c o n d a r y  d r a in a g e  of th e  s a m e  s y s te m .  T h e s e  t h r e e  
t e r r i t o r i e s  o c c u r r e d  a t  e le v a t io n s  r a n g in g  f r o m  4, 200 to  4, 280 fe e t  
(1280 to  1305 m ) .  T h e  f o u r th  t e r r i t o r y  s tu d ied ,  s e p a r a t e d  f r o m  th e  
o t h e r s  by a  low r id g e ,  r a n g e d  in  e le v a t io n  f r o m  4, 140 to  4, 160 fee t  
(1262 to  1274 m ) .
T h e  p r i m a r y  d r a in a g e  of th e  s e c t io n ,  a s  w e l l  a s  th e  s e c o n d a r y  
a n d  t e r t i a r y  d r a in a g e s ,  w a s  a  t r i b u t a r y  of E lk  C r e e k  w h ich  f lo w ed  
in to  th e  B lac k fo o t  R iv e r  3 to  4 m i l e s  ( 4 .8  to  6 ,4  km) to  th e  n o r th .  A ll  
s t r e a m s  in  th e  s tudy  a r e a  w e r e  c o n s i d e r e d  i n t e r m i t t e n t .  T h e  n a tu r a l  
d r a i n a g e s  in  m a n y  in s t a n c e s  w e r e  m o d if ie d  by r a i l r o a d  b e d s  u s e d  in  
t h e  t r a n s p o r t a t i o n  of t i m b e r  h a r v e s t e d  b e tw e e n  1926 a n d  1934. P h y s i o ­
g r a p h ic  r e l i e f  w a s  no t a n  im p o r t a n t  c h a r a c t e r i s t i c  of th e  t e r r i t o r i e s  
s tu d ie d .
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Figure 2. Study area map showing primary drumming log locations for bird LJ, S, LR, and EL. The 
Goshawk nest ( G) and Jones Meadow are also shown.
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V e g e ta tio n
T he  a r e a  was a  c o n ife ro u s  f o r e s t  c o m p o se d  p r i m a r i l y  of 
D o u g la s - f i r  (P s e u d o tsu g a  m e n z ie s i i ) w ith  l a r g e  s ta n d s  of p o n d e ro sa  
p ine  (P in u s  p o n d e ro s a ) in  lo c a l iz e d  a r e a s .  W e s te rn  l a r c h  (L a r ix  
o c c id e n ta l i s ) w as  s c a t t e r e d  in te r m i t t e n t ly  th ro u g h o u t  the  f o r e s t .
T h e  w e t te r  p o r t io n s  of th e  a r e a ’s d ra in a g e s  w e re  c h a r a c t e r i z e d  by 
r i p a r i a n  v e g e ta t io n  c o n s is t in g  of a s p e n  (P o p u lu s  t r e m u lo id e s ), a ld e r  
(Alnus in c a n a ), h a w th o rn e  (C ra ta e g u s  d o u g la s i i ), and  a  v a r i e ty  of 
m id d le  and  low s h r u b s .  Som e in d iv id u a l  c o n if e r s  w e re  s c a t t e r e d  
th ro u g h o u t  th e  r i p a r i a n  v e g e ta t io n .  W et m eadow , d ry  m eadow , and  
m ix e d  sh ru b  and  g r a s s  ty p e s  a l s o  o c c u r r e d  in  the  d ra in a g e  b o tto m s 
(F ig u re  3).
The m a le  R uffed  G ro u s e  t e r r i t o r i e s  w e re  lo c a te d  in  r i p a r i a n  
v e g e ta t io n  which w as  c h a r a c t e r i z e d  by five  m o r e  o r  l e s s  d is t in c t  
v e r t i c a l  v e g e ta t iv e  s t r a t a :  1) low g r a s s  and  h e rb a c e o u s  v e g e ta t io n ,
2) low s h ru b s ,  3) m id  s h ru b s ,  4) t a l l  s h ru b s ,  and  5) t r e e s .  E ach  
s t r a tu m  w as c o m p o se d  of a  l a r g e  n u m b e r  of in d iv id u a l  s p e c ie s .
S t r a ta  b o u n d a r ie s  w e re  so m ew h a t  v a r ia b le ,  but th e  s t r a t a  th e m s e lv e s  
w e re  u s u a l ly  d is t in c t .  T a l l  s h ru b s  te n d e d  to  c lu m p  to g e th e r ,  p a r ­
t i c u l a r l y  the  a ld e r ,  an d  th e s e  c l u s t e r s  w e re  s u r ro u n d e d  by m e d iu m  
o r  s h o r t  s h ru b s ,  o r  both . A g r a s s  o r  fo rb  c o v e re d  t r a i l  o r  a w a t e r ­
way u s u a l ly  s u r ro u n d e d  th e  t a l l e r  v e g e ta t io n .  T e r r i t o r i a l  m a le
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F ig u r e  3. T h is  a e r i a l  p ho to g rap h  of s e c t io n  13 i l l u s t r a t e s  the
v e g e ta t io n  ty p es  found on the study  a r e a .  C o n ife rous  
f o r e s t s  a r e  d a rk  g re e n ,  r i p a r i a n  v e g e ta t io n  is  m id  
g re e n ,  sh ru b  f ie ld s  and  c o n ife r  r e g e n e ra t io n  a r e  l igh t 
g re e n ,  and  m ead o w s and g r a s s l a n d s  in te r g r a d e  be tw een  
v e ry  l igh t g re e n  and  tan .
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R uffed  G ro u se  h a b ita t  w as t h e r e f o r e  c h a r a c te r i z e d  by g re a t  v e g e ta l  
d iv e r s i ty  in  both the  v e r t i c a l  and  h o r iz o n ta l  p lane .
W e a th e r
The p re v a i l in g  w e a th e r  du rin g  the  study p e r io d  was f a i r ly  n o r ­
m a l ,  but w e a th e r  cond itions  - - p a r t i c u la r ly  s n o w fa l l - - p r io r  to  the  
study w e re  not th o se  of an  " a v e ra g e "  y e a r .  W ea th e r  ex is ting  du ring  
the  study w as s im i l a r  to a v e ra g e  w e a th e r  du ring  June  of the  18 
p re v io u s  y e a r s  (T ab le  1). A c o m p a r is o n  of the  data  re v e a le d  tha t  
du ring  the  in v es tig a t io n ,  m a x im u m  t e m p e r a tu r e s  w e re  low er,  m in i ­
m u m  t e m p e r a tu r e s  s l ig h tly  h ig h e r ,  m in im u m  re la t iv e  hum id ity  lo w er,  
and  p r e c ip i ta t io n  l e s s  than  a v e ra g e .  D uring  the p e r io d  being c o n s id ­
e re d ,  the m in im u m  t e m p e r a tu r e  r e m a in e d  above f re e z in g  m o re  f r e ­
quen tly  and  the  r e la t iv e  hu m id ity  r e m a in e d  above 30 p e rc e n t  m o re  
often  th an  n o rm a l .  W ith the  p o ss ib le  excep tion  of the  a v e ra g e  m a x i ­
m u m  t e m p e r a t u r e  and p re c ip i ta t io n ,  w e a th e r  during  the  study w as 
r e m a r k a b ly  c lo s e  to  a v e ra g e  fo r  Ju n e .
Snow a c c u m u la t io n  d u r in g  A p r i l  and  May, on the  o th e r  hand, w as 
qu ite  e x t r a o r d in a r y .  Snow d a ta  in  "W e a th e r  Data  S u m m ary , 1956- 
1975, L u b re c h t  E x p e r im e n ta l  F o r e s t ,  G reenough , M ontana" (S teele  
1975) d id  not l i s t  snow a c c u m u la t io n  fo r  May. F u r th e r m o r e ,  e ight 
of the  fo u r te e n  y e a r s  l i s te d  r e c o r d e d  no snow a c c u m u la t io n  in  A p r i l  
w hich  had  an  a v e r a g e  of only 4 .9  in c h e s  (1 2 .4  cm) of snow
T a b le  1. C o m p a r is o n  of w e a th e r  cond it ion s  d u r in g  Ju ne  1975 w ith  a v e r a g e  co n d it io n s  f o r  Ju n e  of 
the  18 p re c e d in g  y e a r s  (S tee le  1975),
M onthly X D aily X D aily # D ays M in, X D aily # D ays RH
A v e ra g e M ax im u m M in im u m R e ac h ed  0° M in, RH Below 31%
1975 1 1 .9 °* 1 9 .7 ° 4 .4 ° 2 32. 1 11
1956-1974 1 2 .8 ° 2 1 .8 ° 3 .9 ° 5 36 .2 14
^ T e m p e r a t u r e s  c o n v e r te d  to  ®C,
N
- v j
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a c c u m u la t io n .  C o n s id e r in g  only th o se  y e a r s  having  snow a c c u m u la ­
t io n  in  A p r i l ,  th e  a v e r a g e  snow dep th  w as  11. 5 in c h e s  (29 .2  cm ).  In 
1975, on the  f i r s t  of May, 18 to  24 in c h e s  (45 .7  to  61 cm) of snow 
w e re  s t i l l  on th e  g round , and  th e  snow did  not m e l t  u n t i l  14 M ay 
(Shaw, p e r s o n a l  c o m m u n ic a t io n ) .
C o m p e t i to r s
C a tt le ,  w h i te - ta i l e d  d e e r  (O doco ileus v i r g in ia n u s ), and  elk  
(C e rv u s  c a n a d e n s i s ) w e r e  s ig h ted  n e a r  t e r r i t o r i e s  being  s tu d ied .
E ac h  h e rb iv o r e  cou ld  c o m p e te  w ith  R uffed  G ro u s e  fo r  fo ra g e  o r  space , 
and  e a c h  had  the  p o te n t ia l  to  a l t e r  R uffed  G ro u s e  h a b i ta t .  In add it ion , 
th is  s tudy  show ed  th a t  th e s e  u n g u la te s  have  a p o ten t ia l  to  c o v e r t ly  
in f lu e n c e  R uffed  G ro u s e  m o v e m e n ts  and  b e h a v io r .
P r e d a t o r s
T he a r e a  w as f r e q u e n te d  by th e  fo llow ing  s p e c ie s  of r a p to r s ,  
e a c h  c a p a b le  of so m e  d e g re e  of p re d a t io n  on Ruffed  G ro u se  (C ra ig h e a d  
a nd  C r a ig h e a d  1969): G oshaw k (A c c ip i te r  g e n t i l i s ) . G re a t  H o rn e d  Owl 
(Bubo v i r g in i a n u s ). G re a t  G ra y  Owl (S tr ix  n e b u lo s a ). R e d - ta i l e d  
Hawk (B uteo  j a m a i c e n s i s ), a n d  S h a rp - s h in n e d  Hawk (A c c ip i te r  s t r i a t u s  
v e lo x ) . E a c h  r a p t o r  s p e c ie s  w as  o b s e rv e d  on the  study  a r e a .  Two 
s p e c ie s  of m a m m a l s ,  c o y o te s  (C an is  l a t r a n s )  and  b lac k  b e a r s  (U rs u s  
a m e r i c a n u s ), w e re  a l s o  n o ted  on th e  s tudy  a r e a .  Both  s p e c ie s  w e re
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p o te n t ia l  p r e d a t o r s  of R uffed  G ro u s e  (Bum p et a l .  1947), U ndoubtedly, 
o th e r  R uffed  G ro u s e  p r e d a t o r s  o c c u r r e d  on th e  study  a r e a ,  but only 
th o s e  o b s e r v e d  have  been  p r e s e n te d .
F o r e s t  M a n ag e m en t H is to ry
A c c o rd in g  to  C r a b t r e e  (197 5), the  n o r th e r n  ha lf  of the  study  a r e a  
w as log ged  p r i o r  to  1904 by ox lo g g e r s  and  h o m e s te a d e r s .  The lo c a ­
t io n  m a y  a ls o  hav e  been  logged  b e tw ee n  1904 an d  1916, but th e  h i s to r y  
of th is  logging  w as v a g u e .  T he  e n t i r e  a r e a  w as a g a in  logged  f r o m  
1926 to  1934 u s in g  c r a w l e r  t r a c t o r s  to  sk id  log s  to  load ing  docks and  
lo c o m o t iv e s  to  h au l  th e  t im b e r .  C r a b t r e e  in d ic a te d  th a t  e n v iro n m e n ta l  
d a m a g e  u s in g  th is  te c h n iq u e  w as m in im a l ,
C r a b t r e e ' s  (1975) f ind in gs  d en o ted  th a t  f o r e s t  m a n a g e m e n t  g u id e ­
l in e s  an d  o b je c t iv e s  w e r e  n e g lig ib le  d u r in g  e a r ly  logging p e r io d s .  The 
only d i r e c t iv e  w as th a t  a l l  c o n i f e r s  found in  the  a r e a  w ith  a  DBH (Di­
a m e t e r  B r e a s t  Height) g r e a t e r  th an  14 in c h e s  (3 5 .6  cm) w e r e  cu t.
Two e x c e p tio n s  w e re  m en t io n e d ,  h o w e v e r .  E x tr e m e ly  l a r g e  t r e e s  
w e re  no t cu t due to  d if f ic u lty  of hand ling  w ith  eq u ip m en t in  u se  a t  th e  
t im e .  C r a b t r e e  a l s o  s ta te d ,  " T h e  a c c e s s ib i l i ty  of the  t r e e s  in  r e l a ­
t io n  to  the  t e r r a i n  s e t  in v o lu n ta ry  cu tt in g  l im i t s .  " T he  l a t t e r  c o n s id ­
e r a t io n  a p p e a re d  to  ap p ly  to  w e t r i p a r i a n  h a b ita t  u se d  by t e r r i t o r i a l  
m a le  R uffed  G ro u s e .  C o n ife r  lo gs  found on th e  g ro u n d  a p p a re n t ly  fe l l  
n a tu r a l l y  s in c e  few s tu m p s  w e r e  lo c a te d  to  r e v e a l  e v id e n ce  of cu tting
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in  th e  w et b o t to m s .  No s ig n i f ic a n t  logging  h as  ta k e n  p la c e  on the  
s tu dy  a r e a  s in c e  1934,
F i r e  H is to ry
A f i r e  h i s to r y  f o r  the  p e r io d  p r i o r  to  1928 w as u n a v a i la b le .  
A c c o rd in g  to  r e c o r d s  of th e  B lack foo t F i r e  P r o te c t iv e  A s so c ia t io n ,  
no m a j o r  f i r e s  have  o c c u r r e d  on the  study  a r e a  s in c e  1928, F i r e ,  
t h e r e f o r e ,  w as no t an  im p o r ta n t  in f lu en ce  in  th e  r e c e n t  eco logy  of 
R uffed  G ro u s e  h a b i ta t  in  the  v ic in i ty  of the  study .
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M A TERIA LS AND METHODS
The m a t e r i a l s  and  m e th o d s  u s e d  in  th is  study  w e re  e i t h e r  d e ­
s c r ib e d  in  the  l i t e r a t u r e ,  o r  w e re  a d a p ta t io n s  of in fo rm a tio n  a v a i la b le  
f ro m  th o s e  s o u r c e s .  T ec h n iq u e s  dev e lo p ed  by f o r e s t e r s  and  p lan t 
e c o lo g is ts  a s  w e ll  a s  w ild life  b io lo g is ts  w e re  in c o rp o r a te d  in to  the  
p r o je c t .
C a p tu re  a n d  R a d io - t r a c k in g  M ethods
D ru m m in g  t e r r i t o r i a l  m a le  R uffed  G ro u s e  w e re  c a p tu re d  on th e i r  
logs in  m i r r o r  t r a p s ,  c o n s t ru c te d  w ith  plywood b o tto m s  and  b ack s  and  
1 - in c h  (2 .5  cm ) w ooden f r a m e s  c o v e re d  w ith  ch ick en  w i r e .  The m a ­
t e r i a l s  u se d  d i f fe r  so m e w h a t  f r o m  th o se  su g g e s te d  by G uilion  (1955).
T r a p s  w e re  p la c e d  on the  en d a  of logs  n e a r e s t  the  d ru m m in g  
s ta g e  and  c h e c k e d  t h r e e  t im e s  d a ily ,  M ale  R uffed  G ro u s e  w e re  c a p ­
tu re d  d u r in g  m o rn in g  and  m id d ay  h o u r s .
W hen I a t t e m p te d  to  r e m o v e  th e  b i r d s  f ro m  the  t r a p s  th ey  in ­
ju r e d  th e m s e lv e s  s l ig h tly  t ry in g  to  e s c a p e  th ro u g h  the  m i r r o r e d  r e a r  
of th e  d e v ic e s .  One b i rd ,  L J ,  s u f fe re d  a s e v e r e  s c a lp  l a c e r a t io n  on 
the top  of h is  h e ad  above  the  r ig h t  e y e . T he  o th e r s  r e c e iv e d  a b r a s io n s  
on th e  f r o n t s  of t h e i r  w ings a n d  a ro u n d  t h e i r  b e a k s .  B ird  L J  w as 
r e c a p tu r e d ,  and  a lth oug h  the  s c a lp  s c a r  w as s t i l l  v i s ib le ,  the  b i r d  
a p p e a r e d  to  have  c o m p le te ly  r e c o v e r e d .  A ll  of the  b i r d s  c a p tu re d
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r e s u m e d  d ru m m in g  a c t iv i t i e s  w ith in  s ix  days  of t h e i r  r e l e a s e .  F r o m  
a l l  in d ic a t io n s ,  c a p tu r in g ,  leg  banding , and  r a d io - h a r n e s s in g  the  
g ro u s e  did no t g r e a t ly  d i s ru p t  t h e i r  b e h a v io r  p a t t e r n s .
E a c h  b i rd  c a p tu re d  w as  sexed , w eighed, and  i ts  age  c l a s s  d e t e r ­
m in e d .  B i rd s  w e re  aged , a c c o rd in g  to  p r i m a r y  f e a th e r  r e p la c e m e n t ,  
a s  e i t h e r  a d u lt  o r  s u b -a d u l t  (Bum p e t  a l . 1947 and  D o rn ey  and  H o lz e r  
1957). E ach  b i r d  w as le g -b a n d e d  w ith  c o lo r  anod ized , n u m b e r  5, 
a lu m in u m  b a n d s .  F o r  in d iv id u a l  id en tif ic a t io n ,  two ban ds  of d i f fe re n t  
c o lo r  c o m b in a t io n s  w e re  s e c u r e d  to  e a c h  leg . F  o u r  m a le s  w e re  
h a n d led .
R a d i o - t r a n s m i t t e r s  in  th e  f r e q u e n c y  ra n g e  of 1 5 0 .8 -1 5 1 .2  m H z 
w e re  a l s o  f i t t e d  on the  b i r d s .  The t r a n s m i t t e r s  w e re  p o w e re d  by 
l i th iu m  b a t t e r i e s  a n d  had  a l ife  e x p ec ta n cy  of 140 d a y s .  The t r a n s ­
m i t t e r s  and  h a r n e s s e s  (a c o m b in ed  w eigh t of u n d e r  20 g ra m s )  w e re  
m o d e le d  a f t e r  th o s e  u s e d  by B r a n d e r  (1968) and  in c o r p o r a te d  m o d if ic a ­
t io n s  su g g e s te d  by D um ke and  P e l s  (1973). C o n n ec tio n s  w e re  s o ld e re d  
in  th e  f ie ld  a n d  c o v e re d  by d e n ta l  a c r y l i c .  T he  w hite  t r a n s m i t t e r  
p a c k a g e s  w e re  w ra p p e d  w ith  b la c k  e l e c t r i c a l  tap e  to  s ta b i l iz e  th e  
h a r n e s s  a n d  tone  down th e  b r ig h t  hue. P a t e r n i  (p e r s o n a l  c o m m u n ic a ­
t io n ) ,  n o ted  100 p e rc e n t  m o r ta l i t y  in  the  f i r s t  two w eeks due to  r a p to r  
p r e d a t io n  on S p ru c e  G ro u s e  equ ipped  w ith  u n tap ed  t r a n s m i t t e r  p a c k ­
a g e s .  B oth  Eng and  G uilion  (1962) and  G u ilion  and  M a r s h a l l  (1968) 
n o ted  h ig h e r  m o r ta l i t y  on b a c k - ta g g e d  R uffed  G ro u s e  due to  r a p to r
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p re d a t io n .
R a d io - t r a c k in g  began  4 Ju n e  1975 when the  f i r s t  b i rd  w as c a p ­
t u r e d  and  co n tin u ed  u n t i l  31 Ju ly .  The d a ta  f r o m  the  l a s t  two w eeks 
w e re  u s e d  fo r  p o s t - d r u m m in g  m o v e m e n t  a n a ly s i s .
L o c a t io n s  of r a d i o - m a r k e d  m a le  R uffed  G ro u se  w e re  d e te rm in e d  
by u s in g  a hand  held , t h r e e  e le m e n t ,  d i r e c t io n a l  yag i an ten n a  and  12 
c h an n e l  r e c e i v e r  w ith  s ix  f r e q u e n c ie s  p e r  c h an n e l .  I t r a v e r s e d  an  
a r c  of a t  l e a s t  180 d e g r e e s  a ro u n d  e ac h  b i rd  d u r in g  e v e ry  t r ia n g u la t io n  
to  i n s u r e  th a t  r a d io  s ig n a l  "b o u n ce"  did  not r e s u l t  in  a  f a l s e  lo ca tio n .  
Som e p o r t io n s  of th e  s tudy  a r e a  w e re  c o n s is te n t ly  su b je c t  to  s ig n a l  
bounce, an d  th e s e  a r e a s  w e re  av o id ed  w h e n ev e r  p o s s ib le .
I had  a g r e a t  d e a l  of co n fid e n ce  in  th e  t r ia n g u la te d  b i rd  lo c a t io n s  
u se d  fo r  v e g e ta t io n  a n a ly s i s  in  the  s tudy . In a  p re v io u s  s tudy . Blue 
G ro u s e  w e re  t r i a n g u la te d  f o r  o b s e rv a t io n  and  r e c a p tu r e ,  and  e a r ly  
in  th is  s tudy  s e v e r a l  R uffed  G ro u se  w e re  f lu sh e d  d u r in g  r a d io - t r a c k in g .  
G ro u s e  d ro p p in g s  and  f e a th e r s  w e re  a l s o  found a t  t r ia n g u la te d  b i rd  
lo c a t io n s  in d ic a t in g  t h e i r  a c c u ra c y .
A t the  o u tse t ,  i t  b e c a m e  a p p a r e n t  th a t  R uffed  G ro u s e  could  not 
be r a d i o - t r a c k e d  fo r  o b s e r v a t io n  w ithout d is tu rb in g  th e m . I w as 
w ith in  3 m  of th e  b i r d s ,  but cou ld  not se e  th e m . C lo s e r  m o v e m e n t  
on m y  p a r t  c a u s e d  the  g ro u s e  to  g ive  a  d i s t r e s s  ca l l ,  ru n  aw ay, o r  
f lu s h .  T he  m o v e m e n t  p a t t e r n s  r e s u l t in g  f r o m  su ch  e n c o u n te r s  w e re  
c o n s id e r e d  u n n a tu r a l .  S u b seq u en tly ,  few v i s u a l  o b s e rv a t io n s  w ere
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a t te m p te d .  T he m a jo r i ty  of th e  study w as, th e r e f o r e ,  b a se d  on 
t r ia n g u la te d  b i r d  lo c a t io n s  an d  m y  p r e s e n c e  w as not a  f a c to r  in f lu e n c ­
ing b i r d  m o v e m e n ts .  H o w ever ,  a  few in s ta n c e s  in  which the  b i rd s  
m ov ed  d u r in g  t r ia n g u la t io n  w e re  no ted . Even  in  th e s e  i s o la te d  in ­
s ta n c e s ,  the  g ro u s e  w e re  not re sp o n d in g  to  m y  p r e s e n c e  b e c a u se  
th ey  u su a l ly  o c c u r r e d  d u r in g  ex tended  p e r io d s  of a c t iv e  m o v em en t.
E a c h  b i r d  w as lo c a te d  a s  often  a s  p o s s ib le .  T he  f i r s t  t r i a n g u la ­
t io n  w as o ften  c o m p le te d  by 6:30 in  th e  m o rn in g ,  and  th e  la s t  w as 
u su a lly  f in is h e d  by 10:30 a t  n igh t (T ab le  2). T he  to ta l  n u m b e r  of 
lo c a t io n s  on e a c h  b i r d  ra n g e d  f ro m  21 to  89 and  th e  n u m b er  of da ily  
lo c a t io n s  on in d iv id u a l  b i r d s  r a n g e d  f r o m  one to  n ine . As expec ted , 
th e  e ig h t-w e e k  p e r io d  of the  s tudy  y ie ld ed  an  e x te n s iv e  am oun t of 
m o v e m e n t  d a ta .
T he  b i r d  lo c a t io n s  w e re  su b seq u e n tly  d iv ided  in to  f ive  a c t iv i ty  
c a t e g o r i e s .  B e c a u se  of the  e lu s iv e  and  s e c r e t iv e  n a tu r e  of m a le  
Ruffed  G ro u s e ,  w hich m ad e  v i s u a l  o b se rv a t io n  im p o s s ib le ,  the  
c a te g o r ie s  w hich  s e p a r a te d  the  h a b i ta t  u se d  by the  b i rd s  fo r  v a r io u s  
a c t iv i t ie s  w e re  b ro a d .  T he  d ru m m in g  log w as an  e a s i ly  d is t in g u is h ­
a b le  p o r t io n  of t e r r i t o r i a l  m a le  h a b i ta t .  Night r o o s t s  w e re  defined  
a s  lo c a t io n s  w h e re  b i r d s  w e re  found a t  the  l a s t  n igh t t r ia n g u la t io n  and  
f i r s t  m o rn in g  t r ia n g u la t io n .  A day r o o s t  w as defined  a s  a  lo ca tio n  
w h e re  a  b i r d  w as found on two s u c c e s s iv e  day  t im e  t r ia n g u la t io n s .  
I n te r e s t in g ly ,  so m e  s i t e s  w e re  u s e d  by the  b i r d s  a s  both n igh t and
T a b le  2, H i s t o r y  of r a d i o - t r a c k i n g  fo r  the  fou r  b i r d s  s tud ied .  '
D a tes T im e O b s e r v e r 's  
a c t iv i ty
# T r ia n g u la t i ons
1st obs l a s t  obs EL/S^^ S / S L J /S LR+/A
4 June 0900 C a p tu re C
4 -5  June 1700 1530 T ra c k in g 4
9 June 0900 T rac k in g 1
10-11 June 1820 1520 T ra c k in g 6
11 June 1230 C a p tu re C
1 2 June 1400 1520 T ra c k in g 1 1
16 June 1230 C a p tu re C
16-17 June 1730 1430 T ra c k in g 7 5 2
19-21 June 1700 0910 T ra c k in g 9 10 12
23-24 June 1530 1330 T rack in g 7 7 10
25-26  June 1225 1500 T ra c k in g 10 10 12
27-28  June 1735 1215 T ra c k in g 7 7 9
30 J u n - 1450 1 9 1 0 T ra c k in g 9 8 11
1 Ju ly
3 Ju ly 0900 C a p tu re C
2 Ju ly 0750 2225 T ra c k in g 5 5 8 3
5 Ju ly 0855 1600 T rac k in g 2 3 3 3
7-9  Ju ly 1410 2150 T ra c k in g 15 14 17 15
T o ta l 84 70 89 21
* * B ird  L r R 's hom e ra n g e  u se d  only fo r  c o m p a r iso n ,  
^'S = su b -a d u l t ;  A = A dult
^Note only 6 days  e la p se d ,  5 with t e l e m e t r y  da ta
m o v e m e n ts  w e re  not ana lyzed .
u>U1
36
day r o o s t s .  On the  o th e r  hand, no in d ic a t io n  of a  sp ec if ic  a c t iv i ty  
cou ld  be d e te r m in e d  fo r  the  m a jo r i ty  of the  t r ia n g u la te d  b i rd  loca tions , 
T h e s e  s i t e s  w e re  c l a s s i f i e d  a s  m is c e l la n e o u s  lo c a t io n s .  U sing the  
above  g u id e l in e s ,  f ive  d ru m m in g  logs , s ix  night r o o s t s ,  s ix  n ig h t-d a y  
r o o s t s ,  and  17 day  r o o s t s  w e re  u s e d  fo r  a n a ly s i s .  A dditiona lly , 18 
m is c e l la n e o u s  lo c a t io n s  s e le c te d  a t  ra n d o m  fo r  a l l  m is c e l la n e o u s  
lo c a t io n s  w e re  a l s o  a n a ly z e d .
V eg e ta tio n  Sam pling  S y s te m
B e c a u s e  the  h o r iz o n ta l  and  v e r t i c a l  s t r u c tu r e  of the  h ab ita t  
s e le c te d  by t e r r i t o r i a l  m a le  R uffed  G ro u se  w as e x t r e m e ly  d iv e r s e ,  
m o s t  v e g e ta t io n  sa m p lin g  s y s te m s  w e re  not ad eq u a te  to  a c c o m p l ish  
th e  s tudy  o b je c t iv e s .  My im p r e s s io n  w as th a t  the  v e g e ta l  s t r u c tu r e  
in  th e  im m e d ia te  v ic in i ty  of a  g ro u s e  g r e a t ly  in f lu en ced  th e  b i r d 's  
s e le c t io n  of h a b i ta t .  T he  sa m p lin g  s y s te m  d eve loped  p ro v id e d  a 20 
p e r c e n t  s a m p le  of the  a r e a  d e l in e a te d  by a  c i r c l e  having a  ra d iu s  of 
7 , 5 fe e t  (2. 3 m) c e n te r e d  a t  th e  b i r d  lo ca tio n .  Both the  h o r iz o n ta l  
and  v e r t i c a l  c h a r a c t e r i s t i c s  of the  h a b ita t  w e re  d e s c r ib e d  in  d e ta i l .
R a d io - t r a c k in g  lo c a t io n s  of g ro u s e  w e re  u s e d  a s  the  fo ca l  point 
to  r a n d o m ly  p inpo in t the  p lo t c e n t e r .  P l a s t i c  f lagg ing , a d is t in c t iv e  
t r e e ,  o r  snag  w e re  u s e d  to  m a r k  b i r d  lo c a t io n s  in  the  f ie ld ,  I w as 
con fid en t th a t  th e  b i r d  had  a c tu a l ly  been  w ith in  te n  fe e t  of the  m a r k e d  
lo c a t io n .  F o r  p u rp o s e s  of a n a ly s i s ,  the  p lo t c e n te r ,  o r  th e o r e t i c a l
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b i r d  lo ca tio n ,  w as  d e te r m in e d  a t  ra n d o m . E igh t c a rd in a l  d i r e c t io n s  
and  a d is ta n c e ,  e i th e r  one o r  two p a c e s ,  w e re  n u m b e re d .  A ra n d o m  
n u m b e r  ta b le  w as  th en  u se d  to  s e le c t  n u m b e rs  r e p r e s e n t in g  the  d i r e c ­
t io n  and  d is ta n c e  f r o m  f lag g ed  lo ca tio n s  to  plot c e n te r s .
T he  sa m p lin g  s y s te m  c o n s is te d  of a  c i r c l e  which had a d ia m e te r  
of 1 .5  fe e t  (4 5 .7  cm) s u r ro u n d e d  by th r e e  c o n c e n tr ic  r in g s  (F ig u re  4). 
The th r e e  o u te r  r in g s  w e re  d e l in e a te d  by c i r c l e s  with d ia m e te r s  of 
1 .5  and  4 . 501 fe e t  ( .4 6  and  1 .37  m) fo r  th e  in n e r  r ing , 4 ,5 0 1  and 
6 .1 8 6  fe e t  (1 .3 7  an d  1 .8 9  m) fo r  th e  m id d le  r in g ,  and  6 .1 8 6  and 
7. 502 fe e t  (1. 89 and  2 .2 9  m) f o r  the  o u te r  r in g .  T h e  d is ta n c e  be tw een  
the  c i r c l e s  d e p ic tin g  the  o u te r  t h r e e  r in g s  d e c r e a s e d  p r o g r e s s iv e ly  
a s  the  d is ta n c e  f r o m  the  p lo t c e n te r  in c r e a s e d .  A c o n s ta n t  a r e a  w as, 
t h e r e f o r e ,  m a in ta in e d ,  and  the  p e rc e n t  s a m p le  r e m a in e d  c o n s tan t  in 
eac h  r in g  ( F r i s s e l l ,  1963). R ing  c e n t e r s  w e re  3 .0 0 0 , 5 .34 4 , and  
6. 844 f e e t  ( .9 1 ,  1 .63  and  2. 09 rn) r e s p e c t iv e ly ,  f r o m  the  p lo t c e n te r .  
T h ro u g h o u t  th e  r e m a in d e r  of th i s  t h e s i s ,  th e  r in g s  w e re  r e f e r r e d  to  
a s  th e  3, 5, and  6 fe e t  (. 91, 1.&, and  2 .1  m) r in g s .
A 20 p e r c e n t  s a m p le  w as a c c o m p l is h e d  by c e n te r in g  one q u a d ra t  
in  th e  in n e r  c i r c l e  and  e ig h t q u a d ra ts  in  eac h  o u te r  r in g .  Q u a d ra ts  
u s e d  to  d e te r m in e  u n d e r s to r y  c o v e r  v a lu e s ,  a s  w e ll  a s  c o v e ra g e  of
b a r e  m i n e r a l  so il ,  ro ck , l i t t e r ,  m o s s ,  l ic h e n s ,  and  w a te r  h ad  an  a r e a
2
of 1 .4  s q u a r e  fe e t  ( .1 3  m ) .  A q u a d ra t  f r a m e ,  of s i m i l a r  s iz e  p e r ­
m a n e n t ly  d iv id e d  in to  c o v e r  c l a s s e s  of 2, 8, 10, 20, 30, and  50
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Figure 4. A graphic representation of the sampling system used to analyze territorial male 
Ruffed Crouse habitat.
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p e rc e n t ,  w as  u se d  a s  a  c o m p a r is o n  to  a id  fo liage  c o v e r  e s t im a t io n .  
F o l ia g e  c o v e r  de fined  by D a u b e n m ire  (1968) a s  , . t h e  su m  of 
shadow s (with th e  sun  a t  zenith) th a t  would be c a s t  by le a v e s  and 
s t e m s .  . . . "  w as e s t im a te d  in  two s te p s .  F i r s t ,  canopy c o v e r  was 
e s t im a te d ;  an d  second , the  p e rc e n ta g e  of vo ids  in  canopy c o v e ra g e  
w as e s t im a te d  and  re m o v e d  f r o m  the  canopy c o v e r  e s t im a te .  The 
p r o c e s s  r e s u l t e d  in  an  e s t im a te  of fo liag e  c o v e r  which w as c o n s id ­
e r e d  a b e t t e r  e s t im a te  of v e g e ta l  c o v e r  f r o m  the  p e r s p e c t iv e  of 
g ro u s e  h a b i ta t  s e le c t io n .  T r a c e  fo liage  c o v e r  v a lu e s  w e re  r e c o rd e d  
a s  1 p e rc e n t .  E igh t 7 .5  foot (2 .2 9  rn) t r a n s e c t s  o r ig in a tin g  a t  the  
plot c e n te r  w e re  o r ie n te d  a long  c a r d in a l  d i r e c t io n s .  The t r a n s e c t s  
lo c a te d  q u a d ra ts  in the  t h r e e  o u te r  r in g s  (F ig u re  3). S ince the  v e g e ta ­
t io n  w as d e n se ,  a  c o l la p s ib le  f ish in g  pole  with q u a d ra t  c e n te r s  
m a r k e d ,  s e r v e d  a s  th e  t r a n s e c t .  A ll  th e  q u a d ra ts  a long  each  t r a n s e c t  
w e re  s a m p le d  b e fo re  r e lo c a t in g  th e  t r a n s e c t .  F r o m  the  p e r s p e c t iv e  
of a  b i r d  lo c a te d  a t  the  p lo t c e n te r ,  e ac h  q u a d ra t  w as a 20 p e rc e n t  
s a m p le  of the  v e g e ta t io n  e x is t in g  w ith in  a  45 d e g re e  seg m en t of the  
r in g  being  s a m p le d .  T he eigh t q u a d ra ts  in  a p a r t i c u l a r  r in g  sa m p le d  
the  e n t i r e  360 d e g re e s  s u r ro u n d in g  th e  p lo t c e n te r .
T he b o u n d a ry  be tw een  the  g r a s s  and  h e rb a c e o u s  s t r a tu m  and  
lo w -s h r u b  s t r a tu m  w as qu ite  v a r i a b le .  T he  lo w e r  two s t r a t a  w e re  
c o m b in ed  and  b ro k e n  down in to  h e ig h t c l a s s e s  of 6 in c h e s  (15 .2  cm) 
ea c h  up to  36 in c h e s  (9 1 .4  cm) to  s im p li fy  d a ta  c o l le c t io n .  The
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Figure 5. Vertical stratification used to delineate the height and arrangement of foliage, and the numbering system used to code 
VHZ's in the data summarization program. Arabic numbers were the original 21 VHZ's. Roman numerals were the 
grouped vari ables used in discriminant analysis.
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re m a in in g  s t r a t a  b o u n d a r ie s  w e re  s e t  a t  3 and  6 fe e t  (. 91 and  1. 82 m) 
fo r  the  m id - s h r u b  s t r a tu m ,  6 and  15 f e e t  (1 .82  and  4 .5 7  m) fo r  the  
t a l l  sh ru b  s t r a tu m ,  and  g r e a t e r  th an  15 fe e t  (4. 57 m) fo r  th e  t r e e  
s t r a tu m .  V a r ia t io n  in  s t r a t a  b o u n d a r ie s  w as r e c o r d e d  on the  da ta  
sh e e t .  A v e r t i c a l  h e ig h t zone (VHZ), the  u p p e r  and  lo w e r  h e ig h ts  of 
lea fy  m a t e r i a l ,  fo r  e v e ry  c l a s s  of v e g e ta t io n  w as d e te rm in e d  (F ig u re  5), 
P e r c e n t  fo l ia g e  c o v e r  f o r  e a c h  VHZ w as e s t im a te d  by v e g e ta t io n  c la s s  
w ith  the  e x ce p tio n  of t r e e s  w hich  w e re  r e c o r d e d  by s p e c ie s  r e g a r d l e s s  
of th e  s t r a t a  in  w hich  th ey  o c c u r r e d .
P e r c e n t  fo l ia g e  c o v e r  of e ac h  v e g e ta l  c la s s  w as a l s o  e s t im a te d  
fo r  e a c h  q u a d ra t .  T he  d a ta  w e re  d e te r m in e d  by s t r a t a  to  g ive so m e  
in d ic a t io n  of the  h a b i ta t  s t r u c t u r e .  T o ta l  fo l iag e  c o v e r  w as a l s o  u se d  
a s  a c o m p a r is o n  w ith  VHZ d a ta  to  l e a r n  w h e th e r  o r  not th e  sam p lin g  
s y s te m  p ro v id e d  su f f ic ie n t  a d d it io n a l  in s ig h t  to  w a r r a n t  the  s y s t e m 's  
co n tin u ed  u s e  in  fu tu re  s tu d ie s .
F r e q u e n c y  d is t r ib u t io n s  of e a c h  p lan t  s p e c ie s  o c c u r r in g  a t  a l l  
b i r d  lo c a t io n s  w e re  a l s o  d e te rm in e d .  T he  p lan ts  found w ith in  th e  7. 5 
foot (2 .2 9  ni) c i r c l e  w e re  id e n t i f ie d  w h e n e v e r  p o s s ib le ,  o r  c o l le c te d  
f o r  l a t e r  id e n t i f ic a t io n .  S c ien t if ic  n a m e s  w e re  a f t e r  H itchcock  et a l . 
(1955 -61 ) ,  F re q u e n c y  d i s t r ib u t io n s  w e r e  u s e d  in  a n  e f fo r t  to  l e a r n  
w h e th e r  p la n t  s p e c ie s  c o m p o s it io n  o r  v e g e ta l  s t r u c tu r e  w as th e  m o r e  
im p o r ta n t  to  t e r r i t o r i a l  m a le  R uffed  G ro u s e  h a b ita t  s e le c t io n .
V a r i a b l e - r a d iu s  p lo ts ,  m e a s u r e d  w ith  a R e la sk o p , w e re  c e n te r e d
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a t  th e  t r i a n g u la t e d  b i r d  lo c a t io n  and  u se d  to  d e te rm in e  o v e r s to ry  
d e n s i ty  by s p e c ie s  and  d i a m e te r  c la s s  (D illw orth  1974). F o liag e  
c o v ç r  of a l l  v e g e ta t io n  above  t h r e e  f e e t  w as e s t im a te d  v isu a l ly  and  
p la c e d  in to  the  fo llow ing  s ix  c a te g o r ie s ;  1) 0 p e rc e n t ,  2) 1 to  29 
p e rc e n t ,  3) 30 to  69 p e rc e n t ,  4) 70 to  94 p e rc e n t ,  5) 95 to  100 p e rc e n t ,  
fo l ia g e  c o v e r ,  and  6) 1-15 p e rc e n t  a e r i a l  l i t t e r  c o v e ra g e .  V a lues  
o b ta in ed  in  th is  m a n n e r  w e re  a v e r a g e d  to  d e te rm in e  o ve r  s to r y  fo liage  
c o v e r  on the  p lo t.  T he two ty p e s  of f ie ld  d a ta  s h e e ts  w e re  u se d  to  
s im p lify  d a ta  c o l le c t io n  (Appendix  II).
D a ta  f r o m  eac h  p lo t w e re  co m b in ed  and  s u m m a r iz e d  fo r  a n a ly s is  
by c o m p u te r .  T he p r o g r a m  p r in te d  out o v e r s to ry  t r e e  sp e c ie s  d e n s i ty  
fo r  e a c h  p lo t  by d ia m e te r  c l a s s ,  to ta l  v e g e ta l  fo liage  c o v e r  of a l l  
p o s s ib le  V H Z ’s fo r  e a c h  v e g e ta t io n  c la s s  found in  the  t h r e e  sa m p le  
r in g s  and  c e n te r  c i r c le ,  a n d  g ro u n d  c o v e ra g e  fo r  each  r in g  by c o v e r  
c l a s s e s .  In ad d it ion , th e  p r o g r a m  p r in te d  to ta l  p lo t fo liage  c o v e r  by 
v e g e ta t io n  c l a s s  and  s t r a tu m  a s  w e ll  a s  to ta l  v e r t i c a l  s t r u c tu r e  (the 
co m b in ed  fo l ia g e  c o v e r  of a l l  c l a s s e s  of v e g e ta t io n  in  e a c h  VHZ). The 
p r o g r a m  a l s o  c o n so l id a te d  and  p r in te d  out o v e rlapp ing  V H Z 's  o c c u r ­
r in g  on e ac h  p o r t io n  of a s a m p le  p lo t.  W ith  the  ex cep tio n  of f o r m u la t ­
ing p lan t  f r e q u e n c y  d is t r ib u t io n s ,  th e  p r o g r a m  both a c c o m p l ish e d  the  
d a ta  c o n so l id a t io n  and  s u m m a r iz a t io n ,  and  p ro v id e d  a u t i l i t a r i a n  
ou tput fo r  a n a ly s i s  of the  s t r u c tu r a l  c h a r a c t e r i s t i c s  of t e r r i t o r i a l  
m a le  R uffed  G ro u s e  h a b ita t  (A ppendix  II).
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S e v e ra l  d a ta  s e t s  a p p e a re d  on th e  da ta  s u m m a ry ,  each  having 
so m e  p o te n t ia l  fo r  a n a ly s i s .  T he m a jo r i ty  of the  v e r t i c a l  s t r u c tu r e  
above  12 in c h e s  (30. 5 cm) o c c u r r e d  in  sh rub by  v e g e ta t io n .  On the 
o th e r  hand, m o s t  of th e  v e g e ta t io n  not ex tending  above 12 in ch e s  
(3 0 .5  cm ) w as e i th e r  g r a s s  o r  h e rb s ,  but l i t t e r  and s h ru b s  a l s o  
c o n tr ib u te d  to  th is  s t r a tu m .  A s w ill  be exp la ined , 80 t r i a l s  w e re  
n e c e s s a r y  to  c o m p a re  the  h a b i ta ts  in  the  five  a c t iv i ty  c a te g o r ie s  
u s ing  d i s c r im in a n t  a n a ly s i s .  C o m p ar in g  th e  v e r t i c a l  s t r u c tu r e  of 
e ac h  c l a s s  of v e g e ta t io n  w as , t h e r e f o r e ,  im p r a c t i c a l .  S ince to ta l  
v e r t i c a l  s t r u c tu r e ,  i r r e s p e c t i v e  of v e g e ta l  c la s s ,  i n c o rp o ra te d  the  
c o n tr ib u t io n  of a l l  c l a s s e s  of v e g e ta t io n  to  v e r t i c a l  s t r u c tu r e ,  to ta l  
v e r t i c a l  s t r u c t u r e  w as s e le c te d  fo r  u se  in  th e  d i s c r im in a n t  a n a ly s i s .
In s u m m a ry ,  th e  sa m p lin g  s y s t e m ,  u s ing  a  c i r c u l a r  sa m p le  
plot hav ing  a d ia m e te r  of 7. 5 fe e t  (2 ,2 9  m ), d e s c r ib e d  both the  h o r i ­
z o n ta l  and  v e r t i c a l  s t r u c tu r e  of h a b ita t  o c c u r r in g  a t  t r ia n g u la te d  b i rd  
lo c a t io n s . A v e r t i c a l  d e s c r ip t io n  w as p ro v id ed  by the  v a r io u s  V H Z 's  
in  th e  c e n te r  c i r c l e  and  t h r e e  o u te r  r in g s .  T he h o r iz o n ta l  d e s c r ip t io n  
w as su p p lied  by the  p e r c e n t  fo l ia g e  c o v e r  of each  VHZ in the  t h r e e  
o u te r  r in g s  and  the  d is ta n c e  f r o m  the  p lo t c e n te r  to  the  r in g  in w hich  
th e  V H Z 's  o c c u r .  T h e  s y s te m  a ls o  p ro v id e d  a way to  d e te rm in e  both 
s t a n d a r d  v e g e ta l  fo l ia g e  c o v e r  by v e g e ta t iv e  c l a s s e s  and  f re q u e n c y  
d i s t r ib u t io n  of the  p lan t  s p e c ie s  o c c u r r in g  a t  b i rd  lo c a t io n s .
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S ta t i s t i c a l  A n a ly s is
In an  e f fo r t  to  t e s t  the  s ig n if ic an c e  of b i rd  m o v em en t  p a t te rn s  
r e s u l t in g  f r o m  th e  a p p e a ra n c e  of c a t t le ,  the  d is ta n c e  t r a v e le d  by each  
b i r d  b e tw een  any  two s u c c e s s iv e  t r ia n g u la t io n s  w as d e te rm in e d  and 
a dd ed  to  th e  d is ta n c e  of the  se co n d  lo ca tio n  f r o m  the  d ru m m in g  log. 
T he t im e  e la p s e d  b e tw een  th o se  sa m e  t r ia n g u la t io n s  w as a ls o  c a lc u ­
la te d .  F o r  e x am p le ,  if t r ia n g u la t io n s  w e re  c o m p le te d  a t  0800, 0900, 
and  1000 h o u rs ,  the  d is ta n c e  t r a v e le d  by a  b i rd  be tw een  0800 and  0900 
would be ad d ed  to  the  d is ta n c e  f r o m  the  0900 lo ca tio n  to  the  d ru m m in g  
log to  c a lc u la te  to ta l  d is ta n c e .  T h e  e la p se d  t im e  w as 60 m in u te s .
The to ta l  d is ta n c e  fo r  the  0900 to  1000 t im e  in te rv a l  would be d e t e r ­
m in e d  in a  s i m i l a r  m a n n e r .  T o ta l  d is ta n c e  w as rough ly  ana logous 
to  A r c h ib a ld 's  (1975) w eek ly  r a n g e s  in  th a t  a  b i r d  behaving  in  a  
t e r r i t o r a i l  m a n n e r  would  c o n c e n tr a te  h is  a c t iv i t ie s  a ro u n d  h is  p r i ­
m a r y  d ru m m in g  log . In th is  c a s e ,  the  b i rd  would not be lo c a te d  a 
g r e a t  d i s ta n c e  f r o m  h is  p r i m a r y  d ru m m in g  log and  the  d is ta n c e  
t r a v e le d  be tw een  s u c c e s s iv e  t r ia n g u la t io n s  would be s m a l l .  An 
e s ta b l i s h e d  m a le  not behav in g  in  a  t e r r i t o r i a l  m a n n e r  would t r a v e l  
g r e a t e r  d i s t a n c e s  be tw een  t r ia n g u la t io n s  (when the  e la p se d  t im e  
b e tw ee n  t r ia n g u la t io n s  w as th e  sam e) and  ra n g e  f a r t h e r  f ro m  h is  
p r i m a r y  d ru m m in g  log.
A s ig n  t e s t  (C hap m an  and  Schaufe le  1970) w as u se d  to  a n a ly ze
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th e  d i f f e r e n c e s  in  to ta l  d i s ta n c e s  f r o m  p a r i e d  t im e  in te r v a l s  b e fo re  
and  a f t e r  c a t t l e  in v ad ed  e a c h  b i r d ' s  a r e a .  S ince c a t t le  f i r s t  a p p e a re d  
in  e a c h  a r e a  in  the  m o rn in g ,  the  f i r s t  g ro u p  of da ta  w as p a i r e d  by 
m a tc h in g  a  t im e  - m o v e m e n t  in te r v a l  b e fo re  c a t t le  in v as io n  w ith  a 
t im e -m o v e m e n t  in te rv a l  th a t  o c c u r r e d  an  equa l leng th  of t im e  a f t e r  
c a t t le  in v a s io n .  T he r e m a in d e r  of th e  p a i r s  w e re  fo rm e d  by m a tch in g  
e i th e r  m o rn in g  o r  evening  to ta l  m o v e m e n ts  o c c u r r in g  a n  equa l n u m b e r  
of days  b e fo re  and  a f t e r  c a t t le  began  in fluencing  b i rd  m o v e m e n ts .  If 
e la p s e d  t im e  w as u s e d  a s  th e  x - a x i s  and  to ta l  d is ta n c e  a s  the  y -a x is ,  
t o ta l  d is ta n c e  fo r  e ac h  t im e  p e r io d  b e fo re  and  a f t e r  c a t t le  in v as io n  
cou ld  be p lo tted .  T he  r a t io  of to ta l  m o v e m e n t  to  e la p se d  t im e  would 
be th e  s lope  of a  line  ex tend ing  f r o m  the  o r ig in  to  e a c h  po in t. By 
u s in g  th is  slope  t r a n s fo r m a t io n ,  d i f f e r e n c e s  in  to ta l  m o v e m e n ts  w hich 
r e s u l t e d  f r o m  d i f f e re n c e s  in  e la p s e d  t im e  be tw een  t r ia n g u la t io n s  of 
e a c h  d a ta  p a i r  w e re  c o r r e c t e d  b e c a u se  the  s lope  w as th e  r a t e  of 
c h an g e  in  to ta l  d i s ta n c e  p e r  un it  t im e .
F o r  the  s ig n  te s t ,  the  r a t io  of to ta l  m o v e m e n t  to  e la p se d  t im e  
a f t e r  c a t t le  in v a s io n  w as  s u b t r a c te d  f r o m  the  s a m e  r a t io  b e fo re  c a t t le  
in v a s io n  fo r  e ac h  p a i r e d  d a ta  s e t .  T he  s ign  of th e  re s u l t in g  n u m b e r  
w as a l s o  r e c o r d e d .  T he  n u m b e r  of p o s i t iv e  s ig n s  w as d e te rm in e d ,  
and  b in o m ia l  p ro b a b i l i ty  ta b le s  (P=0. 5) w e re  u s e d  to  d e te r m in e  the  
p ro b a b i l i ty  of ach iev in g  th e  g iven  n u m b e r  of p o s i t iv e  s ig n s  if  the  
c a lc u la te d  s lo p e s  d i f f e re d  ra n d o m ly .  A C h i - s q u a r e  t e s t  (S tee le  and
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T o r  r i e  I960) fo r  c o n s ta n c y  w as  p e r f o r m e d  to  d e te rm in e  w h e th e r  the  
s ign  t e s t s  of to ta l  d i s ta n c e  f r o m  th e  t h r e e  b i r d s  cou ld  be poo led .
T he f re q u e n c y  d is t r ib u t io n s  of the  p lan ts  found a t  b i r d  lo ca tio n s  
in  e a c h  of th e  t h r e e  a r e a s  (F ig u r e  2) w e re  c o m p a re d  u s in g  an  index  of 
s i m i l a r i t y  w hich  w as  c o m p u ted  a s  fo llow s:
1 = ^ Y w h e re  a  = S  of f r e q u e n c ie s  in  a r e a  1 a+b,
b = Z of f r e q u e n c ie s  in  a r e a  2 
w = S  of th e  s m a l l e s t  f re q u e n c y  of each  
s p e c ie s  in  both  a r e a s  
I = Index  of s im i l a r i t y  
Index v a lu e s  cou ld  ra n g e  f r o m  n e a r  z e r o  when th e  two a r e a s  have l i t t le  
in  c o m m o n  to n e a r  1. 0 w hen th e  two a r e a s  w e re  a lm o s t  id e n t ic a l .
Two a r e a s  cou ld  have  a  n u m b e r  of s p e c ie s  in co m m o n  and  s t i l l  have 
a  low in d ex  of s i m i l a r i t y  if  th e  s p e c ie s  found on both a r e a s  o c c u r r e d  
f r e q u e n t ly  in  one a r e a  but in f re q u e n t ly  in  th e  se co n d  a r e a  (B ea ls  I960).
F iv e  a c t iv i ty  c a te g o r ie s  w e re  id e n t i f ie d  and  u se d  to  c o m p a re  
th e  s t r u c t u r a l  c h a r a c t e r i s t i c s  of h a b ita t  s e le c te d  fo r  u se  by  t e r r i t o r i a l  
m a le  R uffed  G ro u se  d u r in g  t h e i r  d a ily  a c t iv i ty  r e g im e .  Since m y  
p u rp o s e  w as to  c o m p a re  d i s c r e t e  u n i ts  of h a b i ta t  u se d  by th e  b i r d s  
fo r  d i s t in c t  and  c l e a r l y  d e f in a b le  a c t iv i t i e s ,  d i s c r im in a n t  a n a ly s i s  
w as  u s e d  to  t e s t  d i f f e re n c e s  b e tw ee n  p a i r e d  h a b i ta t  c a t e g o r ie s .  
M a r t in k a  (1972) u s e d  d i s c r im in a n t  a n a ly s i s  to  d e te r m in e  the
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s ig n if ic a n c e  of d i f f e r e n c e s  b e tw ee n  m a le  B lue G ro u se  t e r r i t o r i e s  
and  n o n - t e r r i t o r i e s  b a s e d  on s t r u c t u r a l  c h a r a c t e r i s t i c s  of D oug las-  
f i r  th ic k e t s .
D is c r im in a n t  a n a ly s i s  cou ld  be m o s t  s im p ly  d e s c r ib e d  a s  a 
m u l t i - v a r i a t e  t  o r  F  t e s t  ( F r e e s e  1964), T he F  s t a t i s t i c  u se d  to  
d e te r m in e  d i f f e r e n c e s  b e tw een  the  two da ta  s e ts  w as c a lc u la te d  
u s in g  the  fo llow ing  fo rm u la :
N N
F  ,  1 2(N :E:_l) p2
pN (N -2 )  °
w h e re  = n u m b e r  of o b s e rv a t io n s  in  th e  f i r s t  g roup , = n u m b e r  
of o b s e r v a t io n s  in  th e  se co n d  g roup , N = + N^, and p = n u m b e r  of
v a r i a b l e s  m e a s u r e d ,  M a h a la n o b is ' w as  c a lc u la te d  by the  fo rm u la :
2 P
D = 2  b.d.
fcl  ̂ ^
w h e re  b^' s w e re  the  c o e f f ic ie n ts  of the  eq ua tion  y = b^x^ + b^x^
. • ,  • b^x^ fo r  w hich  b^' s w e re  d e te r m in e d  by so lv ing  a  s e t  of n o r m a l
e q u a tio n s  in  c o n ju n c tio n  w ith  a n  ix j poo led  v a r i a n c e - c o v a r i a n c e  m a t r ix ,
and  d . ' s  w e re  the  d i f f e r e n c e s  b e tw ee n  m e a n s .  The c a lc u la te d  F  w as 1
a s s o c i a t e d  w ith  p and  (N -p -1 )  d e g r e e s  of f r e e d o m  ( F r e e s e  1964), T he 
r e s t r i c t i o n s  on the  n u m b e r  of v a r i a b le s  w hich  cou ld  be u se d  in  d i s ­
c r im in a n t  a n a ly s i s  l ied , t h e r e f o r e ,  in  th e  fo rm u la  fo r  c a lc u la t io n  of 
th e  d e g r e e s  of f r e e d o m  and  u l t im a te ly  on s a m p le  s iz e .
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T h e  c o m p u te r  p r o g r a m  u s e d  to  p e r f o r m  c o m p u ta t io n s  n e c e s s a r y  
fo r  d i s c r im in a n t  a n a ly s i s  w as  a d a p te d  f r o m  th e  BM D 04M  p r o g r a m  
(Dixon ed 1973). T he  p r o g r a m  output in c lu d ed  the  m e a n s  of each  
v a r i a b le  in  th e  two h a b i ta t  c a te g o r ie s  te s te d ,  the  d if fe re n c e  be tw een  
v a r i a b le  m e a n s ,  su m  and  i n v e r s e  of the  su m  of d e v ia tio n s  f r o m  
m e a n s ,  d i s c r im in a n t  func tion  c o e f f ic ie n ts ,  M ah a lanob is ' D^, d e g re e s  
of f r e e d o m ,  and  c a lc u la te d  F  v a lu e .
T he r e s t r i c t i o n  on th e  n u m b e r  of v a r i a b le s  w hich  cou ld  be u se d  
in  the  d i s c r im in a n t  a n a ly s i s  d ic ta te d  th a t  a  m a x im u m  of n ine  v a r i ­
a b le s ,  I - IX  (F ig u r e  5, page  40), cou ld  be u s e d  to  a n a ly z e  d i f fe re n c e s  
b e tw een  logs  an d  both  n igh t r o o s t s  and  n ig h t-d a y  r o o s t s .  In th e  lo w er  
tw o s t r a t a  ( lo w er  .91  m ), 21 V H Z 's  w e re  m e a s u r e d  a s  v a r i a b le s .  In 
o r d e r  to  re d u c e  the  n u m b e r  of v a r i a b le s  to  the  r e q u i r e d  n ine  o r  ten , 
V H Z 's  hav ing  the  s a m e  lo w e r  fo l ia g e  l im i t  w e re  co m b in ed . V H Z 's  
w e re  co m b in ed  a s  i l l u s t r a t e d  by F ig u r e  5. In th e s e  in s ta n c e s ,  9 and  1 
d e g re e s  of f r e e d o m  w e re  u s e d  to  d e te r m in e  the  t a b u la r  F .  In the  
r e m a in d e r  of th e  c o m p a r is o n s  m o r e  v a r i a b le s  cou ld  have b een  u sed ,  
but the  c o m p a r is o n s  w ould  h av e  b e en  b a s e d  on a  d i f fe re n t  se t  of 
p a r a m e t e r s .  V a r ia b le  X (F ig u re  5) w as not u se d  in  the  c o m p a r is o n s  
be tw een  log h a b i ta t  an d  both  n igh t r o o s t s  and  n ig h t-d a y  r o o s t s .  W ith 
th e  ex ce p tio n  of c o m p a r is o n s  in d ic a te d ,  te n  v a r i a b le s  I -X  w e re  u se d  
in  th e  d i s c r im in a n t  a n a ly s i s  of th e  lo w e r  3 fe e t  ( .91  m) of th e  h a b i ta t .
T h e  m a n n e r  in  w h ich  V H Z 's  w e re  co m b in ed  w as c o n s is te n t  with
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o b s e r v e d  h a b i ta t  s e le c t io n  b e c a u s e  r a d i o - m a r k e d  m a le  Ruffed  G ro u se  
a s  w e ll  a s  o th e r  m a le s ,  f e m a le s ,  and  ju v e n i le s  w alked  and  fed  in  the  
s p a c e  b e n e a th  th e  lea fy  l a y e r  of th e  v e g e ta t io n  w hich  p ro v id ed  p r o ­
te c t iv e  c o v e r .  T he  b i r d s  a l s o  sough t e s c a p e  c o v e r  hav ing  th e  lo w e r  
6 to  12 in c h e s  (1 5 .2  to  3 0 .5  cm ) f r e e  of fo l iag e  and  a th ic k  o v e rh e a d  
lea f  l a y e r .  F u r t h e r m o r e ,  Ruffed  G ro u se  u su a l ly  r a n  to  e sc a p e  
d a n g e r  ( b i r d - o b s e r v e r ,  b i rd -c o w , a n d  b i r d - d e e r  in te ra c t io n s )  and  
flew  only in  e x t r e m e ly  c lo s e  e n c o u n te r s .  Bum p e t a l .  (1947) o b se rv e d  
s i m i l a r  b e h a v io r  p a t t e r n s  in  New Y ork . T he 6 - in c h  (15 .2  cm) VHZ 
l a y e r s  (2 -6 , F ig u r e  5) w e re  c o n s id e re d  s e p a r a te ly  b e c a u se  th ey  
o f fe re d  so m e  e s c a p e  o r  h id ing  c o v e r  but a llo w ed  a d e g re e  of v is ib i l i ty .  
T he VHZ la y e r  g ro u p in g s  w e re  ag a in  a c c o m p l ish e d  u s in g  a  c o m p u te r ­
iz e d  d a ta  c o m b in a t io n  p r o g r a m .
T e n  s e p a r a t e  t r i a l s  w e re  n e c e s s a r y  to  c o m p a re  e ac h  of f ive  
c a te g o r ie s  w ith  e ac h  of the  o th e r  fo u r .  A dd it iona lly , th e  n a tu re  of 
d i s c r im in a n t  a n a ly s i s  d ic ta te d  th a t  th e  c e n te r  c i r c l e  an d  t h r e e  o u te r  
r in g s  be c o n s id e r e d  in d ep en d en tly  in c r e a s in g  the  n u m b e r  of t r i a l s  by 
a f a c to r  of fo u r .  A r e s t r i c t i o n  on the  n u m b e r  of v a r i a b le s  w hich  could  
be u s e d  fo r  d i s c r im in a n t  a n a ly s i s  a l s o  r e q u i r e d  a  s e p a ra t io n  of the  
t h r e e  s t r a t a  above  36 in c h e s  (9 1 .4  cm ) and  the  da ta  f r o m  the two 
s t r a t a  below  36 in c h e s  (9 1 .4  cm ) w hich  m u lt ip l ie d  th e  n u m b e r  of 
t r i a l s  by tw o . T h u s , a  to ta l  of 80 t r i a l s  w as  n e c e s s a r y  to  c o m p le te  
th e  c o m p a r is o n  and  a n a ly s i s  of th e  h a b ita t  u s e d  fo r  the  five  a c t iv i ty
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c a t e g o r i e s .
A s p re v io u s ly  no ted , R uffed  G ro u se  sought a r e a s  having a 
fo l ia g e  f r e e  g ro u n d  l a y e r  and  a th ic k  o v e rh e a d  le a f  l a y e r  w hile  m oving  
and  fee d in g  on u n d e r ly in g  v e g e ta t io n .  S ince  the  d e g re e  of o v e r la p  in  
v e r t i c a l  fo l ia g e  s t r a t i f i c a t io n  a p p e a re d  to  in f lu ence  g ro u se  h a b ita t  
s e le c t io n  d u r in g  th e s e  p e r io d s ,  d i f f e r e n c e s  in  the  am ou n t of o v e r la p  
cou ld  e x is t  am on g  the  f ive  h a b i ta t  c a te g o r ie s  u n d e r  c o n s id e ra t io n .  
T h e r e f o r e ,  d i f f e r e n c e s  in  th e  e x te n t  of v e g e ta l  s t r a t a  o v e r la p  o c c u r ­
r in g  in  th e  v e r t i c a l  s t r u c tu r e  of the  h a b ita t  u se d  fo r  the  five  c a te g o r ie s  
of a c t iv i ty  w e r e  t e s t e d  u s in g  p a i r e d  t - t e s t s .  A s in  d i s c r im in a n t  a n ­
a ly s i s ,  to ta l  v e r t i c a l  s t r u c tu r e  w as t e s t e d  w ithout c o n s id e r in g  c l a s s e s  
of v e g e ta t io n .  T he VHZ g ro u p s  (F ig u re  5) u se d  fo r  d i s c r im in a n t  
a n a ly s is  w e re  a l s o  u s e d  to  t e s t  o v e r la p .
F o r  th e  c o m p a r is o n s ,  d i f f e r e n c e s  in  a v e ra g e  v e g e ta l  o v e r la p ,  
m e a s u r e d  a s  p e rc e n t  fo l ia g e  c o v e r ,  o c c u r r in g  on each  c a te g o ry  of 
h a b i ta t  w e re  t e s te d .  P a i r in g  of th e  da ta  w as a c c o m p l is h e d  by c o m ­
p a r in g  s i m i l a r  con d it io ns  of o v e r la p .  T he  fo rm u la
* l - * 2
t  =
S ( X i . - X 2 . ) 2 - [ S ( X j i - X 2 . ) ] 2 / n
n ( n - 1)
w as u s e d  w ith  x^ = m e a n  o v e r la p  on f i r s t  h a b ita t  c a te g o ry ,  x^ = m e a n  
o v e r la p  on th e  seco n d  h a b i ta t  c a te g o ry ,  ” the  d if fe re n c e
b e tw ee n  an  o v e r la p  con d it io n  found on th e  two h a b ita t  c a te g o r ie s  being
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te s te d ,  n = n u m b e r  of p a i r e d  d i f f e r e n c e s  u s e d  to  c a lc u la te  m e a n s ,  
and  n-1  = d e g r e e s  of f r e e d o m .
A c o m p le te ly  r a n d o m iz e d  a n a ly s is  of v a r i a n c e  w as u se d  to  
d e te r m in e  d i f f e r e n c e s  in  th e  m e a n  d e n s i t i e s  of o ve r  s to ry  t r e e  sp e c ie s  
and  fo l ia g e  c o v e r  fo r  a l l  c l a s s e s  of v e g e ta t io n  in  the  two s t r a t a  below 
36 in c h e s  (9 1 .4  cm ).  T he  s a m e  d e s ig n  w as u se d  to  t e s t  d i f f e re n c e s  
in  fo l ia g e  c o v e r  in  th e  u p p e r  t h r e e  s t r a t a .  A f te r  d i f f e re n c e s  am ong 
a c t iv i ty  c a te g o r ie s  w e re  d e te c te d ,  s ta n d a rd  t - t e s t s  u s ing  d e g re e s  of 
f r e e d o m  f r o m  th e  e r r o r  m e a n  s q u a re  w e re  u se d  to  iden tify  the  s p e ­
c if ic  d i f f e r e n c e  b e tw een  c a t e g o r i e s .  U nequal s a m p le  s iz e  am ong 
c a te g o r i e s  p re c lu d e d  the  u se  of th e  m o r e  c o m m o n  t e s t s  fo r  d i f fe re n c e s  
am ong  m e a n s  su ch  a s  D u n c a n 's  M ultip le  R ange  T e s t s  (S teele  and  T o r r i e  
I960).
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R E SU L T S
M o v e m e n ts ,  T e r r i t o r i e s ,  and  H om e R a n g es
D e sp i te  d i f f e r e n c e s  in  s p a t ia l  a r r a n g e m e n t  and  c o m p o s i t io n  of 
v e g e ta t io n  in  th e  t h r e e  a r e a s  ( F ig u r e s  6, 7, and  8), th e  t e r r i t o r i e s  
of th e  t h r e e  R uffed  G ro u s e  fo llow ed  th ro u g h o u t  th e  s tu dy  w e re  s i m i l a r  
in  s i z e .  T he  d a ily  m o v e m e n ts  of the  b i r d s  w e re  a l s o  of s i m i l a r  to ta l  
d i s ta n c e  and  w e r e  u s u a l ly  in  r e s p o n s e  to  s i m i l a r  s t im u l i .  S ince  p o s t ­
d ru m m in g  m o v e m e n t  d id  not b eg in  u n t i l  5 Ju ly  1975, few d a ta  w e re  
a v a i la b le  on th e  to ta l  h o m e  r a n g e  s iz e s  of th e  t h r e e  b i r d s .
T h e  p r in c ip a l  f a c t o r s  in f lu e n c in g  t e r r i t o r i a l  m a le  R uffed  G ro u se  
m o v e m e n ts  w e r e  d ru m m in g  a c t iv i ty ,  w e a th e r ,  an d  o th e r  a n im a l s .  
D ru m m in g  s im p l i f i e d  a n a ly s i s  of b i r d  m o v e m e n ts ,  s in c e  d ru m m in g  
w as  a  f o r m  of t e r r i t o r i a l  d e fe n se ,  p e r f o r m e d  on a  d ru m m in g  log 
(G ullion  1 9 6 7 ). R uffed  G r o u s e  cou ld  hav e  p r im a r y ,  s e c o n d a ry ,  and  
a l t e r n a t e  lo g s .  T he  l a t t e r  tw o  ty p e s  of lo g s  w e re  u s e d  l e s s  f r e q u e n t ly .  
B i rd  m o v e m e n ts  w e re  f o r  th e  m o s t  p a r t ,  r e s t r i c t e d  and  c e n te r e d  a ro u n d  
p r i m a r y  lo g s .
W hen d ru m m in g  w a s  d is c o n tin u e d ,  th e  m a le  g r o u s e 's  a c t iv i ty  
no  lo n g e r  c e n te r e d  a ro u n d  th e  p r i m a r y  log, and  th e  b i r d  m o v ed  g r e a t e r  
d i s t a n c e s ,  ex pand ing  h is  t e r r i t o r y  in to  a  h o m e  ra n g e  (A rc h ib a ld  1975).
If a n  a d d i t io n a l  f a c to r  w a s  in t r o d u c e d  n e a r  the  end  of th e  d r u m ­
m in g  s e a s o n  R uffed  G ro u s e  m o v e m e n ts  b e c a m e  d if f icu lt  to  a n a ly z e .
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Figure 6. Territory boundary of Bird LJ and the surrounding vegetation types.
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Figure 7. Territory and expanded home range boundaries of Bird S as w ell as home range boundary 
of Bird LR and the surrounding vegetation types.
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Figure 8. Territory and expanded home range boundaries of Bird EL and the surrounding vegetation types.
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T w o v a r i a b l e s  co u ld  c o m p l ic a te  m o v e m e n t  a n a ly s i s ,  r e - n e s t i n g  by 
f e m a le s  a n d  c a t t l e  im m ig r a t io n  in to  a  g ro u s e  a r e a .  R e n e s t in g  by 
f e m a le s  w ould  n e c e s s i t a t e  c o p u la t io n  an d  a s s o c i a t e d  d ru m m in g  by 
m a le s  a t t e m p t in g  to  a t t r a c t  f e m a le s  to  t h e i r  t e r r i t o r y  fo r  b re e d in g  
(A rc h ib a ld  1975). C a t t le  im m ig r a t io n  w il l  be  d i s c u s s e d  l a t e r .
T he  co nfin ing  in f lu e n c e  of d ru m m in g  b e h a v io r  on d a ily  m o v e ­
m e n t  p a t t e r n s  of t e r r i t o r i a l  m a le  R uffed  G ro u s e  w as b e s t  i l l u s t r a t e d  
by s e le c te d  d a i ly  m o v e m e n t  m a p s .  F o r  c o m p a ra t iv e  p u r p o s e s ,  the  
d a te s  an d  t im e  p e r io d s  of a l l  d ru m m in g  a c t iv i ty  o c c u r r in g  d u r in g  the  
s tudy  a s  w e l l  a s  th e  p e r t i n e n t  w e a th e r  d a ta  w e re  l i s t e d  (A ppendix  III). 
C o n s t r i c t e d  d a ily  m o v e m e n ts  of a c t iv e ly  d ru m m in g  m a le s  w e re  d e m o n ­
s t r a t e d  by b i r d s  E L  an d  S (A ppendix  XV). A s i m i l a r ly  c o n s t r i c te d  
m o v e m e n t  p a t t e r n  o c c u r r e d  w hen m a le s  not p a r t i c ip a t in g  in  the  d a y 's  
d ru m m in g  r e m a in e d  on o r  n e a r  t h e i r  p r i m a r y  d ru m m in g  log s  a s  
d e m o n s t r a t e d  by b i r d s  L J  a n d  S (A ppendix  IV). A so m e w h a t  c o n t r a ­
d ic to ry  m o v e m e n t  p a t t e r n  w as  ev id e n t  by th e  la c k  of log a t te n d a n c e  by 
b i r d  L J  on tw o d ay s  of a c t iv e  d ru m m in g  by o th e r  m a le s  on th e  study  
a r e a  (A ppend ix  IV). On th e  s a m e  d a y s ,  c a t t l e  had  b e e n  g ra z in g  on 
th e  a r e a s  of the  o th e r  two m a l e s  be in g  s tu d ied ,  but c a t t l e  had  not 
in v ad e d  b i r d  L J ' s  a r e a .
S ince  th e  b i r d s  a l s o  m o v e d  l e s s  on both  hot d ay s  (above 8 0 ®F 
o r  26.6®C) an d  w et, co o l d a y s  (below 65®F o r  18.3®C) a n a ly s i s  of 
m o v e m e n t  w as  f u r t h e r  c o m p l ic a te d .  B a s ic a l ly ,  th e  b i r d s  sp en t  m o re
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t im e  in  r o o s t s  d u r in g  th e s e  p e r io d s  in  c o m p a r is o n  to  d a ily  m o v e m e n ts  
on  a  m i ld  day  (A ppend ix  IV),
T he s i m i l a r i t y  in  th e  s i z e s  of th e  t e r r i t o r i e s  e s t a b l i s h e d  by the  
t h r e e  b i r d s  s tu d ie d  d u r in g  th e  d ru m m in g  s e a s o n  w as so m e w h a t  s u r ­
p r i s in g  b e c a u s e  th e  r i p a r i a n  v e g e ta t io n  on the  t e r r i t o r i e s  of b i r d s  L J  
and  S w a s  c o n tin u o u s  w h e r e a s  s i m i l a r  v e g e ta t io n  on the  t e r r i t o r y  of 
b i r d  E L  w as d is c o n t in u o u s  ( F ig u r e s  6, 7, and  8), The t h r e e  t e r r i ­
t o r i e s  e n c o m p a s s e d  2 . 45, 1 .9 9 ,  a n d  2. 16 a c r e s  ( .9 9 ,  . 81 and  . 87 ha) 
r e s p e c i tv e ly ,  f o r  a n  a v e r a g e  t e r r i t o r y  of 2 .2  a c r e s  (. 89 ha).
By expand ing  a v e r a g e  t e r r i t o r y  s iz e  to  a c o m p a ra b le  f ig u re ,  a 
d e n s i ty  of 4 5 .4 5  m a l e s  p e r  100 a c r e s  of 280. 88 m a le s  p e r  s q u a re  m ile  
(1 1 2 .3  m a le s / lO O  ha) w as c a lc u la te d ,  but only 16 .36  a c r e s  (6 .6 2  ha) 
of r i p a r i a n  h a b i ta t  e x is te d  on s e c t io n  13. E le v e n  m a le  R uffed G ro u se  
w e re  o b s e r v e d  a t  v a r io u s  t im e s  d u r in g  the  study  (4 .2  m a le s / lO O  ha).
The 11 m a le s  in c lu d e d  th e  fo u r  r a d io - m a r k e d  b i rd s  fo llow ed  
d u r in g  th is  s tudy , t h r e e  r a d i o - m a r k e d  b i r d s  f r o m  a  s tud y  co n d u c ted  
e a r l i e r  in  th e  sp r in g ,  and  two u n c a p tu r e d  m a le s  w hich  w e re  h e a r d  
and  o b s e rv e d  d r u m m in g  f o r  s e v e r a l  w eek s  n e a r  b i r d s  S and  L J .  An­
o th e r  w as lo c a te d  a p p r o x im a te ly  40D m e t e r s  e a s t  of E L  and  f lu sh e d  
d u r in g  an  a t t e m p t  to lo c a te  f e m a le  R uffed G ro u s e  f o r  a n o th e r  s tudy , 
and  one u n c a p tu r e d  m a le  w a s  o b s e r v e d  in th e  so u th e rn  p o r t io n  of 
b i r d  S ’ h o m e  ra n g e  d u r in g  the  l a t e r  s t a g e s  of t r ia n g u la t io n .  E a c h  
of th e  11 m a l e s  w as  a s s o c i a t e d  w ith  r i p a r i a n  v e g e ta t io n .
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T he  l a s t  d ru m m in g  o c c u r r e d  on 1 Ju ly  and  b i rd  E L  w as th e  
f i r s t  b i r d  to  beg in  expand ing  h is  t e r r i t o r y  in to  a  h om e r a n g e .  In f ive  
d a y s ,  5 Ju ly  th ro u g h  9 Ju ly ,  th e  a r e a  c o v e re d  by the  b i r d  m o r e  th an  
do u b led  f r o m  2 ,1 6  a c r e s  to  5. 17 a c r e s  (. 87 to  2. 09 ha, F ig u r e  8),
T h is  b i r d  co n tin u ed  to  expand  h is  h om e  ra n g e  w ith  o c c a s io n a l  v i s i t s  
to  h is  p r i m a r y  log d u r in g  th e  nex t tw o w eeks of t e l e m e t r y .  By 31 July, 
b i r d  E L  h ad  ex p an d ed  h is  h o m e  ra n g e  to  9. 3 a c r e s  (3. 7 6 ha). B ird  S 
b eg an  expand ing  h is  t e r r i t o r y  of 1 .9 9  a c r e s  ( .8 1  ha), on 24 Ju ly , and  
by 31 Ju ly  h is  ho m e  ra n g e  w as 2 ,7 9  a c r e s  (1 .1 3  ha. F ig u re  7), T he 
r a d io  on b i r d  L J  w as  r e m o v e d  10 Ju ly  fo r  u se  in  a n o th e r  study, and 
no t e l e m e t r y  d a ta  on h is  t e r r i t o r i a l  e x p an s io n  w as a v a i la b le .  B ird  L J  
w as sho t on th e  u p p e r  end  of h is  t e r r i t o r y  by a h u n te r  in  m id  O c to b e r .  
B i rd s  E L  an d  S began  expand ing  t h e i r  t e r r i t o r i e s  in to  hom e ra n g e s  
fo u r  d ays  to  t h r e e  w eek s  a f t e r  c e s s a t io n  of d ru m m in g .  H om e ra n g e s  
of th e  t h r e e  b i r d s  a v e r a g e d  4 .8 4  a c r e s  (1 .81  ha) on 31 Ju ly .
A fo u r th  b i rd ,  L R , w as  c a p tu r e d  la te  in  the  study  on 3 Ju ly .  
L i t t le  w as l e a r n e d  abou t the  m o v e m e n ts  and  t e r r i t o r y  of th is  b i rd  in 
c o m p a r is o n  to  th e  o th e r s .  D urin g  s ix  d ay s  of t e l e m e t r y  d a ta  g a th e r ­
ing, the  b i r d ' s  h o m e  r a n g e  w as c o m p a ra b le  in  s iz e  to  the  t e r r i t o r i e s  
of th e  o th e r  t h r e e  g r o u s e  s tu d ie d  (F ig u re  7), but the  g ro u se  w as not 
o b s e r v e d  a t  th e  log w h e re  he  w as  c a p tu re d .  In fa c t ,  c a re fu ly  s c ru t in y  
of F ig u r e  7 r e v e a l s  th a t  th e  log w h e re  th e  b i r d  LR w as c a p tu re d  w as 
on the  p e r ip h e r y  of th e  s u b s e q u e n t  ho m e  r a n g e .
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C a tt le  In f lu en ces
A s in d ic a te d  p re v io u s ly ,  the  f a c to r s  a ffec t in g  th e  m o v e m e n ts  
of t e r r i t o r i a l  m a le  R uffed  G ro u s e  w e r e  e x t r e m e ly  d iff icu lt  to  s e p a r a te  
and  a n a ly z e .  F r o m  th e  o u t s e t  of th e  study, I w as c u r io u s  abou t the  
r e a c t io n  of R uffed  G ro u s e  to  c a t t l e .  I w as , t h e r e f o r e ,  w atch ing  fo r  
any  c h an g e s  in  m o v e m e n ts  o r  b e h a v io r  a s  c a t t le  s u c c e s s iv e ly  invaded  
th e  t e r r i t o r y  of e a c h  b i r d .
B e fo re  th e  e f fe c ts  of c a t t l e  on R uffed  G ro u se  could  be u n d e r ­
s tood, h o w e v e r ,  th e  m o v e m e n t  p a t t e r n s  and  g ra z in g  h a b its  of the  
c a t t le  w e re  d e te r m in e d .  B lack  Angus c a t t le  owned by the  L in d b e rg  
R anch  w e re  r e l e a s e d  a t  J o n e s '  M eadow s n e a r  a r e s e r v o i r  about one 
m ile  (1 .6  Km) n o r th  of th e  c e n t e r  of the  study  a r e a .  T he  r e s e r v o i r  
w as lo c a te d  on the  s t r e a m  th a t  d ra in e d  s e c t io n  13 and  the  su r ro u n d in g  
a r e a .  Good t r a i l s  and  d i r t  r o a d s  b e s id e  th e  m a in  s t r e a m  and s ide  
d ra in a g e s  w e re  the  p r i m a r y  t r a v e l  r o u te s  of th e  c a t t l e  (F ig u re  2).
A s the  fo ra g e  in  th e  J o n e s '  M eadow  a r e a  w as d ep le ted ,  th e  
c a t t le  m o v ed  up s t r e a m  fo llow ing  the  ro a d s  and  t r a i l s  and  g ra z e d  in  
th e  s m a l l  m ead o w s o c c u r r in g  th ro u g h o u t  th e  d ra in a g e  s y s te m .  T he 
c a t t l e ' s  p r o g r e s s  d ep en d ed  on th e  fo ra g e  a v a i la b le  a s  they  m o v ed  up  
s t r e a m .  M ost a r e a s  w e re  c o m p le te ly  g r a z e d  down to  abou t l / 4  inch  
(6 m m ) a few d ay s  a f t e r  c a t t l e  a r r i v e d .  T he  d ra in a g e  b o tto m s  and  
m ea d o w s found t h e r e  a p p e a r e d  to  be p r e f e r r e d  by the  c a t t le  a s  fo rag in g  
a r e a s  b e c a u s e  th e y  d id  no t m o v e  out of th e s e  a r e a s  u n ti l  th e  m eadow
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A . 23 an d  24 Ju n e ,  5 and  
, 4 days  p r i o r  to  c a t t le
\  in v a s io n .
B. 25 and  26 Ju n e , 3 and 2 
d a y s  p r i o r  to  c a t t le  
L in v a s io n .
C, 27 and  28 Ju n e ,  1 day 
i p r i o r  to  and  th e  day  of 
\  c a t t l e  in v a s io n .
D. 30 Jun e  and  1 Ju ly , 3 
I and  4 days  a f t e r  c a t t le  
\  in v as io n .
F ig u r e  9. T he  e ffe c t  of c a t t l e  in v a s io n  on the  m o v e m e n ts  of b i r d  L J ,  
D o tted  l in e s  in d ic a te  m o v e m e n ts  p r i o r  to  c a t t le  in v as io n , 
and  so l id  l in e s  in d ic a te  m o v e m e n ts  a f t e r  c a t t le  in v as io n .
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v e g e ta t io n  w a s  f a i r l y  depletedo  A t th is  t im e  the  c a t t le  m o v ed  onto 
th e  low r id g e s  a n d  b e n c h e s  of th e  study  a r e a .
A s a  r e s u l t  of th e  c a t t l e ' s  g ra z in g  p a t te r n ,  th ey  a p p e a re d  on 
th e  t e r r i t o r y  of b i r d  E L  p r i o r  to  0630 on 21 Ju n e .  C a tt le  " s ig n "  w as 
not o b s e r v e d  on th e  t e r r i t o r y  of b i r d  S u n t i l  two days l a t e r ,  but f ie ld ­
w o rk  w as  n o t co n d u c ted  d u r in g  th e  i n te r im .  On the  o th e r  hand, b i rd  
L J ' s  t e r r i t o r y  w as  not in v ad e d  u n t i l  th e  m o rn in g  of 28 Ju n e .
No obv ious c h a n g e s  in  th e  m o v e m e n t  p a t t e r n s  of b i rd s  E L  and S 
w e re  no ted ; but a f t e r  c a t t l e  in v ad ed  the  a r e a  o ccu p ied  by b i rd  L J ,  the  
b i r d ' s  m o v e m e n ts  w e re  s h o r t e r  and  m o r e  c o n c e n tr a te d  a ro u n d  h is  
p r i m a r y  d ru m m in g  log ( F ig u r e  9)« T he  d i f fe re n c e s  in  the  m o v e m e n ts  
of th is  b i r d  im m e d ia te ly  b e fo re  and  im m e d ia te ly  a f te r  the  in tro d u c t io n  
of l iv e s to c k  w e re  s t r ik in g .
T he s ign  t e s t  w as u s e d  to  a n a ly z e  th e  in f luence  of c a t t le  on the  
b i rd  m o v e m e n ts  (A ppendix  V), A t the  te n  p e rc e n t  le v e l  of s ig n if ican ce , 
the  n u ll  h y p o th e s is ,  c a t t l e  in v a s io n  d id  not in f lu e n ce  b i r d  m o v e m e n ts ,  
w as  r e j e c t e d  fo r  b i r d  L J  but no t b i r d s  E L  and  S. T h u s ,  the  c a t t le  
in v a s io n  in to  the  a r e a  of b i r d  L J  both r e d u c e d  th e  len g th  of m o v e m e n ts  
and  c a u s e d  th e  b i r d ' s  d a ily  a c t iv i t i e s  to  be c o n s t r i c te d  a ro u n d  h is  p r i ­
m a r y  d ru m m in g  log .
If one co u ld  a c c e p t  a  20 p e r c e n t  p o s s ib i l i ty  th a t  o b s e rv a t io n s  
cou ld  hav e  r e s u l t e d  f r o m  ra n d o m  e v en ts  and  no t the  t r e a tm e n t  o r  
p a r t i c u l a r  c h an g e  in  c o n d it io n s  be ing  te s te d ,  the  nu ll  h y p o th e s is
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c o n c e rn in g  th e  e ffe c t  of th e  c a t t l e  in v a s io n  in to  th e  t e r r i t o r y  of b i rd
E L  co u ld  a l s o  be r e j e c t e d .  H aving  a c c e p te d  such  a  l im i ta t io n  and
r e j e c t e d  th e  n u ll  h y p o th e s is ,  the  r e s u l t in g  c o n c lu s io n  w as th a t  b i rd
E L 's  to t a l  m o v e m e n ts  d e c r e a s e d  a f t e r  c a t t le  a p p e a re d  on h is  t e r r i t o r y .
By co m b in in g  th e  d a ta  f r o m  a l l  t h r e e  b i r d s ,  14 p lus s ig n s  out of
18 w e r e  c a lc u la te d .  T he p ro b a b i l i ty  th a t  14 p lus s ig ns  w e re  the  r e s u l t
of r a n d o m  e v e n ts  and  not c a t t l e  in v a s io n  is  0 .0 1 2  (Appendix V). B a se d
on th is  a n a ly s i s ,  i t  w as p o s s ib le  to  conclude  th a t  the  to ta l  m o v e m e n ts
of t e r r i t o r i a l  m a le  R uffed  G ro u se  on L u b re c h t  F o r e s t  d e c r e a s e d  a f t e r
c a t t l e  in v ad e d  t h e i r  t e r r i t o r i e s .
On s e v e r a l  o c c a s io n s  b i r d  E L  b egan  d ru m m in g  a f t e r  c a t t le
m o v ed  in to  h is  t e r r i t o r y .  Two e x c e rp t s  f ro m  m y  f ie ld  n o tes  should
su ff ice  to  d e m o n s t r a te  th is  b e h a v io r .
28 J u n e ,  Sunny and  c o ld .  R a in e d  l a s t  n igh t u n t i l  2230.
0845 E L  t r ia n g u la t e d  a t  h is  m id d le  log . C a tt le  a r e  g ra z in g  
th ro u g h o u t  the  a r e a .  One cow is  g ra z in g  and b ro w s in g  a long 
th ic k e t  edge  n e a r  the  log . A s h o r t  f l igh t s ta m p e d e d  the  cow 
aw ay  f r o m  the  log a r e a  and  EL  d ru m m e d .  B ird  i s  s t i l l  on 
the  m id d le  log.
In the  n ex t  e x c e rp t  f r o m  m y  f ie ld  n o te s ,  th e  b i r d  in i t ia t in g
d ru m m in g  a c t iv i ty  w as p ro b a b ly  b i r d  E L , but m y  lo ca tio n  m ad e  it
im p o s s ib l e  to  d e te r m in e  th e  d i r e c t io n  of the  d ru m m in g .  B ird  E L  w as
th e  f a r t h e s t  aw ay  and  s e p a r a t e d  f r o m  m e  by a low r id g e  m ak ing  h im
d if f ic u l t  to  h e a r .
1 Ju ly .  H igh  heav y  c lo u d s .  0910 EL  m o v e d  f r o m  th e  lo w est  
s m a l l  a s p e n  to  th e  D o u g la s - f i r  n e a r  th e  u p p e r  end of the
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m id d le  log th ic k e t .  T h e  s ig n a l  w as  a c t iv e .  No c a t t le
o b s e rv e d .
0 9 2 0  H e a r d  fa in t  d ru m m in g  w hich  I cou ld  not lo c a te ,
0 9 3 0  S d r u m m e d  a t  h is  t r a p  log.
0 9 3 4  R o o s t e r  ( P ro b a b ly  b i r d  LR  c a p tu re d  3 July) d ru m m e d ,
0 9 4 0  E L  d r u m m e d .
0 9 4 5  E L  d r u m m e d  and  I h e a r d  c a t t l e  down t h e r e .
0 9 5 5  E L  d ru m m e d .
1015 I w a lk ed  to  th e  E L  a r e a .  T he  c a t t le  w e re  p a s s in g  the  
m id d le  log  th ic k e t  d u r in g  the  d ru m m in g  a c t iv i ty .  T hey  
a r e  now g ra z in g  up by the  c a t t l e  e x c lo s u r e .
S im i la r  b e h a v io r  w as a l s o  o b s e r v e d  on 21 and  26 Ju n e .  T h e s e  e x ­
c e r p t s  i l l u s t r a t e  th e  p o s s ib i l i ty  th a t  c a t t l e  a f fe c t  not only th e  m o v e ­
m e n ts  of t e r r i t o r i a l  m a le  R uffed  G ro u s e  but a l s o  t h e i r  b e h a v io r .
C o m p e t i to r s  and  P r e d a t o r s
In  a d d it io n  to  a ffe c t in g  th e  m o v e m e n t  p a t t e r n s  of t e r r i t o r i a l  m a le  
R uffed  G ro u s e ,  c a t t l e ,  a s  w e l l  a s  d e e r  and  elk , had  the  p o te n t ia l  to  
c o m p e te  w ith  R uffed  G ro u s e  f o r  food and  sp a c e  and  m od ify  th e  s t r u c ­
t u r e  of g ro u s e  h a b i ta t .  No e v id e n c e  of c o m p e ti t io n  fo r  food o r  s e r io u s  
h a b i ta t  m o d if ic a t io n  w as n o ted  d u r in g  Ju n e  o r  e a r ly  Ju ly ,  the  t e r r i ­
t o r i a l  p e r io d ,  w hile  t e l e m e t r y  w as be ing  c o n d u c ted . H ow ev er ,  du r ing  
A u g u s t  w hen v e g e ta t io n  sa m p lin g  w a s  be ing  cond ucted , c o m p le te  c o n ­
su m p tio n  of low s h ru b s  and  t a l l  h e rb s  by c a t t l e  w as no ted  in  s e v e r a l  
a r e a s .  S ince  the  e f fe c t  of l iv e s to c k  fo ra g in g  w as beyond the  sco p e  
of th e  p r e s e n t  s tudy , no d a ta  w as  c o l le c te d .
Tw o in s ta n c e s  of d i r e c t  c o m p e t i t io n  fo r  sp a ce  w e re  n o ted  d u r in g  
th e  s tudy , h o w e v e r .  B i rd  E L  w as f lu sh e d  off h is  log w hen f i r s t  a  cow
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and  l a t e r  a  d e e r  w alked  th ro u g h  the  th ic k e t  c lo s e  to  the  g r o u s e 's  log. 
S im i la r  e v e n ts  co u ld  o c c u r  w hen any la r g e  a n im a l  p a s s e d  by u n d e r  
c o m p a ra b le  c i r c u m s ta n c e s .
A lthough  no ev id en ce  of s u c c e s s fu l  coyo te  p re d a t io n  on t e r r i ­
t o r i a l  m a le  R uffed  G ro u s e  w as o b se rv e d ,  one coyote  w as a c t iv e ly  
hunting  th e  f r in g e  of r i p a r i a n  v e g e ta t io n  w h e re  t r ia n g u la t io n  w as being 
a t t e m p te d  on a m a le  R uffed  G ro u se  w hich  had d ru m m e d  a sh o r t  t im e  
e a r l i e r .  A se co n d  coyo te  w as o b se rv e d  t ro t t in g  a long a t r a i l  n e a r  the  
edge of so m e  r i p a r i a n  v e g e ta t io n  on b i rd  E L 's  t e r r i t o r y ,  but the  
can in e  w as o bv iously  not hun ting . A b lack  b e a r  was a ls o  o b se rv e d  
s e a rc h in g  f o r  b e r r i e s  on the  t e r r i t o r y  of b i rd  S. B e a r s  w e re  not 
c o n s id e r e d  im p o r ta n t  p r e d a to r s  of h ea lth y  ad u lt  g ro u se .
Of the  r a p t o r s  s ig h ted  on th e  study a r e a ,  G oshaw ks w e re  the  
m o s t  s e r io u s  t h r e a t  to  t e r r i t o r i a l  m a le  R uffed G ro u se  (C ra ig h e ad  and 
C ra ig h e a d  1969). The t e r r i t o r i e s  of a l l  fo u r  r a d io - m a r k e d  m ale  
g ro u se  s tu d ied  w e re  w ith in  l / 2  m i le  (. 8 Km) of a  G oshaw k n e s t  w h e re  
t h r e e  young G oshaw ks w e re  s u c c e s s fu l ly  f ledged . F u r th e r m o r e ,  the 
t e r r i t o r y  of b i r d  L J  w as w ith in  l / 4  m ile  ( .4  Km) of the  r a p t o r ' s  n e s t .  
T h e s e  fo u r  a c t iv e ly  d ru m m in g  t e r r i t o r i a l  m a le  Ruffed G ro u se  su rv iv e d  
an  e n t i r e  d ru m m in g  se a s o n  w ith in  the  l / 2  m ile  (. 8 Km) " c i r c l e  of 
s u p p r e s s io n "  d e s c r ib e d  by Eng and  G ullion  (1962). T he  only known 
m a le  R uffed  G ro u se  k i l le d  w as a r a d io - m a r k e d  b i rd  k i l led  by an  av ian  
p r e d a t o r  p r i o r  to  the  beginn ing  of th is  s tudy . The m a n n e r  in  w hich  the
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g ro u s e  w as  p lucked  c lo s e ly  r e s e m b le d  d e s c r ip t io n s  of Goshaw k k ills  
in  th e  l i t e r a t u r e  (Eng and  G ullion  1962).
A n a ly s is  of H ab ita t  S t ru c tu re
T he  f re q u e n c y  d is t r ib u t io n s  of p lan t s p e c ie s  found on each  of th e  
t h r e e  a r e a s  w e re  c o m p a re d  u s in g  a n  index  of s im i la r i ty  (Appendix VI). 
T he f r e q u e n c ie s  of p lan ts  found a t  b i rd  LR lo ca tio n s  w e re  not l i s te d  
b e c a u se  of th e  s m a l l  s a m p le  s iz e  (n=8). T he  la r g e  n u m b er  of sp e c ie s  
c o m m o n  to  th e  t h r e e  a r e a s  being  c o n s id e re d  was no tew o rth y .
A m o d e r a te  d e g re e  of s im i l a r i t y  in  the  p lan ts  sp e c ie s  lo ca te d  on 
the  t h r e e  a r e a s  w as found, and  the  in d ic e s  of s im i l a r i t y  w e re  g r e a t e r  
th an  0. 50. The index  of s im i l a r i t y  c o m p a r in g  the  p lan ts  o c c u r r in g  on 
th e  t e r r i t o r i e s  of b i r d s  E L  and  S w as 0. 6946 w hile  the  in d ic e s  c o m ­
p a r in g  p lan ts  on th e  t e r r i t o r i e s  of b i rd s  E L  and  L J  and  S and  L J  w e re  
0 .5 6 1 2  and  0 .6 9 1 2 , r e s p e c t iv e ly  (Appendix VI),
D is c r im in a n t  a n a ly s is  show ed th a t  d i f fe re n c e s  in  the  s t r u c tu r a l  
c h a r a c t e r i s t i c s  of h a b ita t  s e le c te d  by t e r r i t o r i a l  m a le  Ruffed G ro u se  
fo r  d ru m m in g ,  n igh t r o o s t s ,  day  r o o s t s ,  n ig h t-d a y  r o o s t s ,  and m i s ­
c e l la n e o u s  a c t iv i ty  e x is te d .  B e c a u se  of the  s m a l l  s a m p le  s ize ,  s ig n if i ­
c an c e  t e s t in g  w as co n d u c ted  a t  the  te n  p e rc e n t  le v e l .  In a l l  t r i a l s  
hav ing  an  a d e q u a te  s a m p le  s iz e  to  conduct th e  a n a ly s is ,  d i f fe re n c e s  
w e re  s ig n i f ic a n t .  T he  s ig n if ic a n c e  of d i f f e re n c e s  in  h a b ita t  s t r u c tu r e  
w as  c o n s i s te n t  fo r  c o m p a r is o n s  of a l l  s t r a t a  in  the  c e n te r  c i r c l e  and
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th e  t h r e e  o u te r  r in g s  (Appendix VII).
C o m p a r is o n s  be tw een  lo gs  and  night r o o s t s ,  logs and  n igh t»day  
r o o s t s ,  and  n igh t r o o s t s  and  n ig h t-d a y  r o o s t s  fo r  the  lo w e r  36 in ch es  
(9 1 .4  cm ) of h a b i ta t  show ed no d i f f e r e n c e s  in  h a b ita t  s t r u c tu r e ,  but 
s a m p le  s iz e s  fo r  th e s e  c o m p a r is o n s  w e re  in ad eq u a te .  C o m p a r iso n s  
of th e  lo w e r  tw o s t r a t a  of the  h a b ita t  a t  log s ,  n ig h t - r o o s ts ,  and  n ig h t- 
day  r o o s t s  w ith  day  r o o s t s  and m is c e l la n e o u s  h a b ita t  in d ic a te d  s ig n if i ­
can t  d i f f e r e n c e s .  S ign if ican t d i f fe re n c e s  w e re  no ted  when the  u p p e r  
t h r e e  s t r a t a  w e re  u s e d  to  c o m p a re  v e g e ta l  s t r u c tu r e  found in  the  five  
c a te g o r ie s  of h a b i ta t  b e ing  c o m p a re d  (Appendix VII).
M ean  fo liag e  c o v e r  of o v e r la p p e d  v e g e ta t io n  w as r a t h e r  low 
(T ab le  3), and  no c a te g o ry  of h a b i ta t  s e le c te d  by m a le  R uffed G ro u se  
cou ld  be c o n s is te n t ly  d is t in g u is h e d  f ro m  the  o th e r  fo u r  h a b ita t  c a t e ­
g o r ie s  u s in g  p a i r e d  t - t e s t s  of v e r t i c a l  vegetal o v e r la p  (Appendix VIII). 
M ean  o v e r la p  w as g r e a t e s t  a t  n igh t r o o s t s  and  h ig h e r  a t  d ru m m in g  logs 
th a n  a t  th e  o th e r  th r e e  c a te g o r ie s  of h a b i ta t .  T he  a b se n c e  of c o n s i s ­
te n t  d i f f e re n c e s  in  o v e r la p  am ong  th e  f ive  c a te g o r ie s  of h a b ita t  a t  
h ig h e r  le v e ls  of s ig n if ic an c e  w as in  c o n t r a s t  to  the  r e s u l t s  of the  
d i s c r im in a n t  a n a ly s i s .
T h r e e  d ia m e te r  c l a s s e s ,  0 to  3 in c h e s  ( 0 - 7 .6  cm ), 4 to  8 in ch e s  
(10. 2 to  20. 3 cm ), and  9 to  30 in ch e s  (22. 9 to  76. 2 cm ), w e re  u se d  
to  c o m p a r e  t r e e  and  sh ru b  d e n s i t ie s  found in  h a b ita ts  u se d  fo r  the  
f ive  c a te g o r ie s  of a c t iv i ty  s in c e  no t r e e s  in  the  d ia m e te r  c la s s
T ab le  3. M ean fo liag e  c o v e r  o v e r la p  o c c u r r in g  a t  h a b ita t  u se d  fo r  each  c a te g o ry  of a c t iv i ty .  
T he  m e a n s  l i s te d  on th is  ta b le  d if fe r  f r o m  th o se  u s e d  fo r  p a i r e d  t - t e s t  b e c a u se  
m e a n s  in  the  p a i r e d  t - t e s t  w e re  b a se d  on the  n u m b e r  of p a i r s  be ing  te s te d .  M eans 
on th is  ta b le  w e re  b a se d  on th e  n u m b e r  of o v e r la p s  o b se rv e d .
Log Night Night and  Day Day M isc e l la n e o u s
R o o s ts R o o s ts R o o s ts
4 .7 4  adgh* 7. 35 dej 3 .7 5  aj 3 .2 5  gk 3 .57  ehk
^M eans fo llow ed by th e  s a m e  l e t t e r  d i f fe re d  a t  the  fo llow ing s ig n if ic an c e  le v e ls :  a  = , 05, 
d and  e = , 1, g and  h = . 2, and  j and  k = , 3.
-SÎ
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g r e a t e r  th an  30 in c h e s  (76. 2 cm ), few t r e e s  in  the 16 to  30 inch  (40. 6 
«76. 2 cm) d i a m e te r  c l a s s ,  and  few t r e e s  o r  sh ru b s  in  the  1 to  3 inch  
(2. 5 to  7. 6 cm) d ia m e te r  c l a s s  o c c u r r e d  a t  b i rd  lo c a t io n s .  M ean 
d e n s i t i e s  of a sp e n ,  a ld e r ,  c o n if e r s ,  and  to ta l  woody s te m  d e n s i ty  by 
d ia m e te r  c l a s s  and  a c t iv i ty  c a te g o ry  w e re  c o m p a re d  u s ing  a n a ly s is  
of v a r i a n c e  and  m e a n  sep ara tion Jfc - tes ts  (Appendix IX). As w ith the  
p a ire d _ t» te s t  of o v e r la p ,  no c o n s is te n t  d if f e re n c e s  w e re  d e te c te d  in  
th e  d e n s i ty  of th e  v e g e ta t io n  o c c u r r in g  in  h a b ita t  s e le c te d  by the  b i rd s  
fo r  th e  five  a c t iv i ty  c a te g o r ie s ,  but som e  d i f fe re n c e s  w e re ,  how ever, 
no ted  (T ab le  4).
M ean  fo l ia g e  c o v e r  of sh ru b s  in  th e  u p p e r  th r e e  s t r a t a  and 
sh ru b s ,  l i t t e r ,  g r a s s e s ,  and  h e r b s  in the  lo w e r  two s t r a t a  below 36 
in ch e s  (9 1 .4  cm) w as c o m p a re d  u s in g  a n a ly s is  of v a r ia n c e  and m e a n  
s e p a r a t i o n ^ - t e s t s  (Appendix X). C o n s is te n t ly  s ig n if ic an t  d if fe re n c e s  
am ong  fo liag e  c o v e r  m e a n s  am ong  the  five  h a b ita t  c a te g o r ie s  w e re  
not found, but d i f f e re n c e s  in  sh ru b  fo liage  c o v e r  in  the  low er two 
s t r a t a  and  the  6 to  15 fe e t  (1. 8 2 -4 . 57 m) s t r a tu m  w e re  m o s t  a p p a re n t  
(T ab le  5).
C o e ff ic ie n ts  of v a r i a t io n  fo r  sh ru b  c o v e r  m e a n s  in  the  lo w er  36 
in ch e s  (9 1 .4  cm ) of the  h a b i ta t  w e re  the  lo w e s t  of a l l  c a te g o r ie s  of 
h a b ita t  ran g in g  f r o m  29. 01 to  6 1 .0 6  p e rc e n t  (T a b le s  4 and 5) and 
A p p e n d ice s  IX and  X). S ince only one of th e  c o e f f ic ie n ts  of v a r ia t io n  
fo r  bo th  d e n s i ty  and  c o v e r  m e a n s  w as l e s s  th an  30 p e rc e n t  w ith  the  
m a j o r i t y  o v e r  50 p e rc e n t  (m any  of th e s e  g r e a t e r  than  100 p e rc e n t) .
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T a b le  4. M ean  d e n s i t i e s  ( s te m s  p e r  h e c ta re )  of a sp en ,  a ld e r ,  and 
c o n if e r s  a s  w e ll  a s  to ta l  s te m  d e n s i t ie s  o c c u r r in g  in h a b i ­
t a t s  u s e d  fo r  e a c h  c a te g o ry  of a c t iv i ty  by d ia m e te r  c l a s s e s
A c tiv i ty  V eg e ta tio n D ia m e te r  C la s s
0-3"  
(0 -7 .  6 cm)
4 -8 "
(10. 2 -20 . 3 cm)
9-30"
(22. 5 -76 . 2 cm)
L ogs A sp e n 5533 348 g 7 ko
A ld e r 173
C o n ife r 566 ab i 37
T o ta l 5533 1087 dfjl 44 n
Night R o o s ts A sp en 2058 292 30 k
A ld e r 45 k
C o n ife r 22
T o ta l 2058 336 f 52
Night and  Day A spen 5132 235 h 79 eo
R o o s ts A ld e r 217
C o n ife r 54 i 35
T o ta l 5132 g* 507 1 114 fm n
Day R o o s ts A sp en 892 99 egh 15 el
A ld e r 398 ck
C o n ife r 52 a 17
T o ta l 892 egk 549 j 32 gf
M isc e l la n e o u s A sp en 6148 e 299 e 42 1
A ld e r 69 g
C o n ife r 72 b 30
T o ta l 6148 e 440 d 72 gm
*M eans f r o m  eac h  v e g e ta t io n  c l a s s  in  each  co lum n  fo llow ed 
by the  s a m e  l e t t e r  d i f fe re d  a t  th e  fo llow ing s ig n if ic an c e  lev e ls :  
a  and  b = .0 1 ;  c and  d = . 02; e and  f  = . 05; g, h, i, and  j = - 1; k, 1, 
and  m  = . 2; an d  n an d  o = . 3.
T a b le  5. M ean  fo l ia g e  c o v e r  (p e rc en t)  fo r  l i t t e r ,  g r a s s e s ,  h e rb s  and  s h ru b s  in  the  lo w e r  36 in c h e s  
(9 1 .4  cm ) a s  w e ll  a s  sh ru b  fo l ia g e  c o v e r  in  the  u p p e r  t h r e e  s t r a t a  o c c u r r in g  in  h a b i ta t  u se d  
fo r  e a c h  c a te g o r y  of a c t iv i ty .
L o w e r  36" 3 -6 ' 6 -1 5 ' o v e r  15'
(9 1 .4  cm) ( .9 1 - 1 .8 2  m) ( 1 .8 2 - 4 .5  m) (4 .57  m)
L ogs L i t t e r
G r a s s
H e rb s
S hru bs
2 2 .6  abed* 
1. 5 Ipq 
7. 2
18. 3 e g im 14 .0 14 .0  eg ik 1 .3
Night R o o s ts L i t t e r
G r a s s
H e rb s
S h rub s
6 .6  a  
9 .3  p 
7. 3 
31 .7  in 22. 6 3 4 .0  k
Night and  Day 
R o o s ts
L i t t e r
G r a s s
H e rb s
S h ru b s
5 .0  bk
4 .0  
11 .6
4 1 ,7  efhn 17 .8 4 6 ,7  i 0 .7
Day R o o s ts L i t t e r
G r a s s
H e rb s
S h ru b s
9, 6 cko 
5 .9  q 
12. 6 
28. 2 hm 20 .0 53. 8 ejk 0. 5
M ise  e llaneou  s L i t t e r
G r a s s
H e rb s
S h rub s
6. 9 do
7. 3 1 
11 .0  
2 8 .9  fg 16.6 39. 6 gj 0. 6
M eans f r o m  e a c h  v e g e ta t io n  c l a s s  in  e a c h  co lum n  d i f fe re d  a t  the  follow ing s ig n if ic an c e  le v e ls :  
a , b, c a n d  d = . 0011 e and  f = .0 1 ;  g and  h = . 05; i and  j = . 1 ; k, 1, m  and  n = . 2; and o, p, and .3
-Jo
71
th e  r e s u l t s  of a n a ly s i s  of v a r i a n c e  shou ld  be  in te r p r e t e d  with c a r e  
b e c a u s e  of th e  v a r i a b i l i ty  of the  d a ta .
R e s u l t s  of the  d i s c r im in a n t  a n a ly s is  of to ta l  s t r u c tu r e  w e re  
d if f ic u lt  to  i n t e r p r e t  fo r  the  p u rp o s e  of m a n a g e m e n t ,  and  the  a n a ly s is  
of o v e r la p ,  d e n s i ty ,  and  fo l ia g e  c o v e r  w e re  not a l to g e th e r  s a t i s f a c to ry .  
T h e r e f o r e ,  a  g ra p h ic  r e p r e s e n ta t io n  of the  h a b i ta t 's  s t r u c tu r e  (F ig u re  
10) w as c o n s t r u c te d  f r o m  th e  f ie ld  d a ta .  In th e  lo w e r  36 in ch es  (91 .4  
cm ), the  m e a n  he igh t of the  top  and  bo ttom  of the  p lan t c ro w n  o r  lea f  
l a y e r  w as c a lc u la te d  and  g ra p h e d  fo r  each  c la s s  of vegetM ion . F o l i a r  
c o v e r  and  h e igh t a t  th e  top  and  b o tto m  of th e  le a f  l a y e r  a s  w ell  a s  
to ta l  fo liage  c o v e r  fo r  e a c h  c la s s  of v e g e ta t io n  w as c a lc u la te d  u s ing  
the  o r ig in a l  21 V H Z ’s (F ig u re  5). T he  u p p e r  th r e e  s t r a t a  in  F ig u r e  10 
w e re  no t a c c u r a t e  b e c a u se  th e y  in d ic a te d  a  fu lly  o v e r lap p in g  cond ition  
w hich  d id  not o c c u r .  The re la t io n s h ip  was not d e te rm in e d ,  but to ta l  
canopy  c o v e r  in  r i p a r i a n  v e g e ta t io n  w as e s t im a te d  f ro m  F ig u re  3 a s  
70 to  90 p e r c e n t .  The c e n te r  c i r c l e  and  th r e e  o u te r  r in g s  in  each  
c a te g o r y  of h a b i ta t  w as p o r t r a y e d  in  th is  m a n n e r .  T hu s , the  a v e ra g e  
s t r u c tu r e  of e ac h  c la s s  of v e g e ta t io n  e x is t in g  in  the  lo w er  36 in ch es  
(9 1 .4  cm) a t  e a c h  c a te g o ry  of h a b i ta t  s e le c te d  by t e r r i t o r i a l  m a le  
R uffed  G ro u s e  w as  p o r t r a y e d  (F ig u re  10). S ince  th e  fo u r  c a te g o r ie s  
of v e g e ta t io n  p ic tu r e d  w e re  th e  m a jo r  co m p o n en ts  of to ta l  s t r u c tu r e  
w hich  w e re  su b m it te d  to  r a t h e r  r ig o r o u s  s t a t i s t i c a l  t r e a tm e n t  by
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d i s c r im in a n t  a n a ly s i s  and  a n a ly s i s  of v a r i a n c e ,  th e  m e a n s  u se d  
w e re  no t a n a ly z e d  s t a t i s t i c a l l y .
C e n t e r  C i r c l e 0 . 9 1 m  Ring Z ^ l i ^ R i n e
>  4.  6 m 'SZ'
4 . 6  m
91 c mC 91 cm 
I  76 c m 76  c m
^  61 c m
24’30 c m 30 c m
15 c m 15 c m
—> 4 . 6  m> 4 .  6 m
4. 6 m
91 c m  
76  c m
91 c m  
76 c m
30 c m 30 c m
15 c m
^  4.  6 m
91 c m 91 c m
76  c m
30 c m 30 c m
> 4 .  6 m
4 .  6 m4 .  6 m
91 cm91 c m
76 c m  Dh76 c m  
61 c m
30 c m30 c m
15 c m  '
91 c m  
7 6 c m
91 c m  
76 c m
30 c m30 c m
15 c m
2 . 1  m  R in gC e n t e r  C i r c l e R i n g
F i g u r e  10 .  G r a p h ic  p o r t r a y a l  of t e r r i t o r i a l  m a l e  R u f fe d  G r o u s e  h a b ita t .  T h e  a v e r a g e  p e r c e n t  f o l i a g e  
c o v e r  o f  e a c h  c l a s s  o f  v e g e t a t i o n  in  th e  c e n t e r  c i r c l e  and t h r e e  o u t e r  r i n g s  i s  s h o w n .  
V e g e t a t i o n  c l a s s e s  sh o w n  a r e  a s  f o l lo w s ;
U p p e r  t h r e e  s t r a ta , L i t t e r ,
S h r u b s .
G r a s s , H e r b
74
DISCUSSION 
M o v e m en ts ,  T e r r i t o r i e s ,  and  H om e R ang es
W ith  th e  no tab le  ex ce p tio n  of e x t r e m e ly  s m a l l  t e r r i t o r y  s iz e s  
and  r e s u l t in g  h igh  d e n s i ty  in  a c c e p ta b le  hab ita t ,  the  m o v e m e n ts ,  t e r r i ­
to r ia l i ty ,  and  su b seq u e n t  e n la rg e m e n t  of t e r r i t o r i e s  w as c o n s is te n t  
w ith  f ind ings  of o th e r  r e s e a r c h e r s .
The t e r r i t o r i e s  of t h r e e  m a le s  fo llow ed th rou gho u t the  study 
w e re  s m a l l e r  th a n  the  hom e ra n g e  " c o r e  a r e a s ,  " which A rc h ib a ld  
(1975) r e g a r d e d  a s  t e r r i t o r i e s .  T he  s m a l l  t e r r i t o r i e s  and re s u l t in g  
h igh  d e n s i t i e s ,  4 5 .4 5  m a le s  p e r  100 a c r e s  o r  280 .88  m a le s  p e r  sq u a re  
m i le  (112. 3 m a le s / lO O  h^), in a c c e p ta b le  h ab ita t  w e re  in d ica tiv e  of 
th e  h igh q u a li ty  of th a t  h a b ita t ,  but the  sh o r ta g e  of r i p a r i a n  h ab ita t  
on th e  e n t i r e  s tudy  a r e a  r e s u l te d  in  a  low dens ity , 11 m a le s  p e r  s q u a re  
m ile  (4. 2 m a le s / lO O  ha) when the  e n t i r e  a r e a  c o n s id e re d .  The high 
d e n s i ty  c a lc u la te d  fo r  r i p a r i a n  v e g e ta t io n  in  th is  s tudy w as u n r e a l i s t i c  
in  c o m p a r is o n  to  7 to  18 m a le s  p e r  sq u a re  m ile  (2. 7 -6 . 9 m a l e s /  100 
ha) and  8 to  13 m a le s  p e r  s q u a re  m i le  (3 .  1 - 5 .0  m a les /lO O  ha) on the  
B a r r e n s  of P e n n sy lv a n ia  r e p o r t e d  by C h a m b e rs  and S h arp  (1958) and  
S h a rp  (1963), 29 to  33 and  60 to  100 m a le s  p e r  s q u a re  m ile  (11. 2 -12 . 7 
a n d  23. 2 -38 . 6 m a le s  /lOO ha) no ted  by G ullion (1966 and  1970) in  
M in n e so ta ,  and  14 to  21 m a le s  p e r  100 a c r e s  (3 4 .6  to  51. 9 m a l e s /
100 ha) in  Idaho r e p o r t e d  by H u n g e rfo rd  (1951). E lev en
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p o te n t ia l ly  b re e d in g  m a le  Ruffed G ro u s e  p e r  sq u a re  m ile  (4 .2  m a l e s /  
100 ha) w as , t h e r e f o r e ,  a  m o r e  r e a l i s t i c  d e n s i ty  e s t im a te  f o r  se c t io n  
13. The 7. 6 a c r e s  (3 .0 8  ha) of r i p a r i a n  h a b ita t  m ap p e d  on F ig u re  8 
r e p r e s e n te d  46 p e r c e n t  of a l l  th e  r i p a r i a n  h a b ita t  on Sec tion  13. Seven 
of th e  11 m a le  Ruffed G ro u s e  (including  B ird  S) lo c a te d  du rin g  the 
d ru m m in g  s e a s o n  w e re  a s s o c i a t e d  w ith  the  sa m e  r ip a r i a n  v eg e ta t io n .  
T h re e  of th e s e  w e re  r a d io - m a r k e d  fo r  a  p re v io u s  study e a r l i e r  in  the  
d ru m m in g  s e a s o n .  Two t r a n s m i t t e r  f a i lu r e s  and  p re d a t io n  r e n d e r e d  
th e s e  b i rd s  u n a v a i la b le  f o r  the  p r e s e n t  r e s e a r c h ,  but they  w e re  
in c lu d ed  in  d e n s i ty  c a lc u la t io n s .  N e v e r th e le s s ,  63. 6 p e rc e n t  of 
the  m a le s  found th ro u g h o u t the  d ru m m in g  se a s o n  w e re  a t t r a c t e d  to 
46 p e r c e n t  of the  a r e a ' s  r i p a r i a n  h a b ita t .  F u r th e r m o r e ,  e ach  of the  
o th e r  m a le s  (b ird s  L J ,  E L , and  u n c a p tu re d  m a le  in  the  SE l / 4  of 
the  NE 1 / 4  of s e c t io n  13, and  an  u n c a p tu re d  m a le  o b s e rv e d  d ru m m in g  
a s h o r t  d is ta n c e  e a s t  of b i r d  L J)  lo c a te d  w e re  a s s o c ia t e d  with l e s s  
e x te n s iv e  a r e a s  of r i p a r i a n  v e g e ta t io n .  M ale  Ruffed G ro u se  d isp lay e d  
a  h igh  d e g re e  of p r e f e r e n c e  fo r  r i p a r i a n  v e g e ta t io n .
T e r r i t o r i a l  m a le  Ruffed G ro u se  w e re  a b le  to  s a t is fy  a l l  of th e i r  
n e ed s  w ith in  the  b o u n d a r ie s  of the  r i p a r i a n  h ab ita t .  Only th r e e  of 231 
t r i a n g u la te d  lo c a t io n s  p r i o r  to ex p an s io n  of t e r r i t o r i e s  found the  b i rd s  
aw ay  f r o m  r i p a r i a n  a r e a s .  Two of th e s e  t r ia n g u la t io n s  w e re  on b i rd  
E L  w hose  t e r r i t o r y  w as c o m p o se d  of d isc o n tin u o u s  r i p a r i a n  h ab ita t .  
R ip a r ia n  v e g e ta t io n ,  th e r e f o r e ,  fu l f i l led  v i r tu a l ly  a l l  of the  t e r r i t o r i a l
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m a l e  R uffed  G r o u s e 's  r e q u i r e m e n t s  fo r  food, w a te r ,  ro o s t in g  c o v e r ,  
r e s t i n g  c o v e r ,  lo a f in g  c o v e r ,  d r u m m in g  log c o v e r ,  and  e s c a p e  c o v e r .  
T h e  r i p a r i a n  v e g e ta t io n  found  in  s e c t io n  13 i s  a  p r im e  e x a m p le  of 
h a b i ta t  in  w h ich  d i v e r s i t y  of p la n t  s p e c ie s  an d  v e g e ta t io n  s t r u c tu r e  
w ith in  th e  ty p e  g r e a t ly  r e d u c e d  th e  im p o r ta n c e  of i n t e r s p e r s i o n  of 
ty p e s  n o ted  by B um p e t  a l . (1947).
P r e d a t io n
One of th e  m o r e  s ig n i f ic a n t  r e s u l t s  of th e  s tu d y  i s  the  f a c t  th a t  
a l l  fo u r  of th e  m a le s  o b s e r v e d  s u rv iv e d  an  e n t i r e  d ru m m in g  s e a s o n  
w ith  a n  a c t iv e  G oshaw k n e s t  no m o r e  th a n  l / 2 m i l e  (.8 krri) away. In fac t,  
b i r d  L J  w as  w ith in  l / 4  m i le  ( .4  Km) of th e  n e s t  ( F ig u r e  2) an d  su f ­
f e r e d  h is  g r e a t e s t  i n j u r i e s  a t  th e  h an ds  of r e s e a r c h e r s  a s  a  r e s u l t  of 
c a p tu r e ,  m a r k in g ,  and  r a d i o - t r a n s m i t t e r  r e c o v e r y .  U n fo r tu n a te ly ,  
th e  G o s h a w k 's  feed ing  a r e a  w a s  no t lo c a te d  and  t h e i r  d ie t  w as  not 
d e te r m in e d .  One r a d i o - m a r k e d  d ru m m in g  m a le  g ro u s e  w as k i l le d  
by a  r a p t o r  p r i o r  to  t h e  beg in n ing  of th is  s tu d y . T h e  b i r d 's  p r i m a r y  
log  w as  lo c a te d  in  r i p a r i a n  h a b i ta t .  W hen th e  b i r d  w as  r e c o v e re d ,  
i t  h a d  b e e n  p lu c k e d  but not e a te n ;  and  the  t r a n s m i t t e r  h a r n e s s  w as 
in c y s te d  u n d e r  e a c h  w ing . T h e  m a l e ' s  b e h a v io r  p r i o r  to  h is  d e a th  
in d ic a te d  w e a k e n e d  co n d it io n  an d  i n c r e a s e d  s u s c e p t ib i l i ty  to  p re d a t io n  
(Shaw, p e r s o n a l  c o m m u n ic a t io n ) .  W ith  th e  e x c e p tio n  of th is  b i rd ,  a l l
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a c t iv e ly  d r u m m in g  m a l e s  w ith  p r i m a r y  lo g s  in  r i p a r i a n  h a b i ta t  s u r ­
v iv e d  th e  e n t i r e  d ru m m in g  s e a s o n .  On th e  o th e r  hand, th e  m a le  e a s t  
of L J  w h ich  s e l e c te d  a  p r i m a r y  log u n d e r  c o n i f e r s  d id  not s u rv iv e .  
T h e  c r i t e r i o n  u s e d  to  a s s e s s  s u r v iv a l  w as  e s t a b l i s h e d  by G ullion  and  
M a r s h a l l  (1968) who in d ic a te d  th a t  an  a c t iv e ly  d ru m m in g  m a le  w hich  
c e a s e d  to  d r u m  a n d  i s  no lo n g e r  found  on h is  t e r r i t o r y  w as u s u a l ly  the  
v ic t im  of p r e d a t io n .
T h e  lo c a t io n  of th e  t e r r i t o r i e s  of th e  fo u r  m a le  R uffed  G ro u s e  
s tu d ie d  w ith  r e s p e c t  to  th e  G oshaw k n e s t  a n d  the  g r o u s e 's  s u rv iv a l  
w as  s t r o n g  e v id e n c e  of th e  im p o r t a n t  r o le  h a b i ta t  p la y s  in  g ro u s e  
s u r v iv a l .  Eng a n d  G u llion  (1963) n o ted  a  l / 2  m i l e  (. 8 Km) " c i r c l e  
s u p p r e s s io n "  w h e re  few d ru m m in g  m a le s  su rv iv e d  G oshaw k p re d a t io n ,  
but th e y  w e r e  u n a b le  to  s e p a r a t e  the  h igh  G oshaw k p re d a t io n  f r o m  the  
p o o r  g r o u s e  h a b i ta t  found in  t h e i r  " c i r c l e  of s u p p r e s s i o n . "  On the  
L u b r e c h t  F o r e s t  s tudy  a r e a ,  e x c e l le n t  h a b i ta t  o c c u r r e d  w ith in  l / 2  
m i le  (. 8 Km) of th e  G oshaw k n e s t  a n d  d ru m m in g  m a le s  w ith  p r i m a r y  
lo g s  lo c a te d  in  th is  r i p a r i a n  v e g e ta t io n  s u rv iv e d .  T hus, th e  s t r u c ­
t u r a l  c h a r a c t e r i s t i c s  of t e r r i t o r i a l  m a le  R uffed  G ro u s e  h a b i ta t  w as 
im p o r t a n t  to  th e  b i r d s '  s u r v iv a l .
C a t t le  In f lu en c es
T h e  im p a c t  of c a t t l e  in v a s io n  on th e  m o v e m e n ts  and  b e h a v io r  of 
t e r r i t o r i a l  m a le  g r o u s e  w as  d if f ic u l t  to  a s s e s s .  In a d d it io n  to  the
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in tro d u c t io n  of c a t t le ,  d ru m m in g , w e a th e r ,  and  the  n o rm a l  expansion  
of th e  t e r r i t o r y  in to  a  hom e ra n g e  in f lu en ced  the  m o v em en ts  of m a le  
g ro u s e .  M a les  could  a ls o  spend  h o u rs  stand ing  on th e i r  d ru m m in g  
s ta g e  w ithout a c tu a l ly  d ru m m in g  d u ring  the d ru m m in g  se a so n  (Gullion 
1 9 6 6  and  1 9 6 7 ). W hen the  beginning of d ru m m in g  was u se d  fo r  c u m u la ­
t iv e  hom e ra n g e  d e te rm in a t io n s ,  A rc h ib a ld 's  (1975) d a ta  in d ica ted  
th a t  a s  the  peak  of d ru m m in g  in te n s i ty  ap p roached , d ru m m in g  m a le s  
c o n c e n tra te d  th e i r  a c t iv i t ie s  in  th e  v ic in i ty  of th e i r  p r im a r y  log. 
S h o rtly  a f t e r  the  peak, the  m a l e ' s  in te n se  t e r r i t o r i a l i t y  began to  
d ec l in e  and  the  b i rd s  ran g e d  m o re  w idely . He a ls o  noted  an in c r e a s e  
in  th e  r a t e  of c u m u la t iv e  hom e ra n g e  expansion  during  the  l a s t  two 
w eeks of d ru m m in g .  Although h is  da ta  did  not go beyond the  c e s s a -  
t ion  of d ru m m in g , a h igh r a t e  of hom e ran g e  expansion  s im i la r  to 
the  r a t e  of expansio n  n o ted  in  th e  w eeks p r io r  to  the  in it ia t io n  of 
d ru m m in g  con tinued  un til  the  to ta l  hom e ran g e  s iz e  w as re a c h e d .
Both th e  in c r e a s in g  cu m u la t iv e  hom e ran g e  s iz e  im m e d ia te ly  p r io r  
to  c e s s a t io n  of d ru m m in g  no ted  by A rc h ib a ld  (1975), and the  expansion  
o b se rv e d  d u r in g  th is  s tudy  follow ing c e s s a t io n  of d ru m m in g  showed 
a  d e fin ite  t r e n d  of d e c re a s in g  t e r r i t o r i a l i t y  and  expansion  of hom e 
ra n g e  s iz e  follow ing th e  peak  of d ru m m in g  in te n s i ty .  T hus, the  sp ace  
u se d  by m a le  Ruffed  G ro u se  f lu c tu a te d  be tw een  a r a t h e r  co m p ac ted  
t e r r i t o r y  d u r in g  the  d ru m m in g  se a s o n  and a m o re  exp ansive  hom e 
ra n g e  d u ring  the  r e m a in d e r  of the  y e a r .
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In ad d it io n  to  th e s e  f lu c tu a t io n s  in  sp a ce  u se ,  w e a th e r  a ls o  
in f lu e n ce d  th e  m o v e m e n ts  of m a le  R uffed  G ro u s e .  Both Bum p et a l .  
(1947) and  A rc h ib a ld  (1975) n o ted  r e s t r i c t e d  m o v e m e n ts  and  in c r e a s e d  
t im e  sp e n t  in  day r o o s t s  d u r in g  p e r io d s  of in c le m e n t  w e a th e r .  Bump 
^  (1947) and  H u n g e r fo rd  (1951) a l s o  r e p o r t e d  th a t  g ro u se  m o ved
to  coo l a r e a s  d u r in g  the  h e a t  of s u m m e r  d a y s .  A lthough techno logy  
had  not y e t  p ro v id e d  a m e a n s  of d is t in g u ish in g  be tw een  the  am oun t 
of t im e  sp e n t  day ro o s t in g  and  the  am o u n t  spen t m oving  in v is ib ly  
th ro u g h  d e n se  v e g e ta t io n ,  th e s e  a u th o r 's  in fo rm a t io n  w as c o m p a tib le  
with the  o b s e rv a t io n  th a t  t e r r i t o r i a l  m a le s  on L u b re c h t  F o r e s t  u se d  
day r o o s t s  d u r in g  bo th  in c le m e n t  w e a th e r  and  th e  h e a t  of the  day .
One of the  p r in c ip a l  p ro b le m s  in  ana lyz ing  d a ta  g a th e re d  in  
the  study  w as d ev e lop in g  a t e s t  fo r  the  im p a c t  of c a t t le  on th e  m o v e ­
m e n ts  of t e r r i t o r i a l  m a le  R uffed  G ro u s e .  T h e  f ie ld  sch ed u le  was 
not con d u c iv e  to  p a ir in g  t im e  in te r v a l s  b e fo re  and  a f te r  c a t t le  invas ion , 
Many of the  d ays  w e re  not in c lu d ed  in  th e  a n a ly s is  b e c a u se  m o v em en t 
d a ta  w as ta k e n  d u r in g  th e  m o rn in g  on one day and  the  a f te rn o o n  and 
evening  of th e  se co n d  day of th e  a p p ro p r ia te  p a i r .  F o r  u s e  in  the  
s ign  t e s t ,  th e  p a i r s  m u s t  be c o m p o se d  of d a ta  w hich  w as , a s  n e a r ly  
a s  p o s s ib le ,  id e n t ic a l  w ith  r e s p e c t  to  t im e  of day and  n u m b e r  of days 
b e fo re  and  a f t e r  the  in tro d u c t io n  of c a t t le .  E x c lu s io n  of s e v e r a l  da ta  
s e t s  r e d u c e d  th e  s a m p le  s iz e  and  m a d e  s ig n if ic an t  d i f fe re n c e s  m o re  
d if f ic u lt  to  d e te c t .  F u r t h e r m o r e ,  c a t t le  in v ad ed  the  a r e a s  of b i rd s  EL
80
and  S d u r in g  the  m a jo r  cool wet p e r io d ,  but the  h e a v ie s t  r a in fa l l  
o c c u r r e d  p r i o r  to  the  in v a s io n .  C a tt le  a p p e a re d  on b i rd  L J 's  a r e a  
a f t e r  th e  co o l w et w e a th e r  had  p a s s e d  but b e fo re  the  hot w e a th e r  
began . S ince  th e  g ro u se  sp e n t  m o r e  t im e  in  day  ro o s t s  d u r in g  both 
coo l w et and  hot w e a th e r ,  t h e  e ffec t  of w e a th e r - r e l a t e d  day  ro o s t in g  
on to ta l  m o v e m e n ts  of b i r d  L J  should  have  been  s im i l a r  both  b e fo re  
and  a f t e r  c a t t le  in v a s io n .  A f te r  a c c e p t in g  th is  a s su m p tio n ,  the  sign  
t e s t  fo r  b i r d  L J  (Appendix V) c le a r ly  in d ic a te d  th a t  b i r d L J 's  m o v e m e n ts  
w e re  s h o r t e r  and  m o r e  r e s t r i c t e d  a ro u n d  h is  p r i m a r y  d ru m m in g  log 
a f t e r  c a t t l e  in v a s io n .  H ow ev er ,  a  c a r e f u l  c o m p a r is o n  of the  w e a th e r  
(T ab le  1) o c c u r r in g  on the  days  c o m p a re d  in  th e  s ign  t e s t  fo r  b i rd  L J  
show ed  th a t  coo l w et days w e re  p a i r e d  with hot days in  c a lcu la t io n  of 
th e  s ign  n e s t .  T h us , by a s s u m in g  th a t  c a t t le  did not in f lu en ce  the  
to ta l  m o v e m e n ts  of m a le  R uffed  G ro u se ,  th is  s ign  t e s t  could  a ls o  
have  b e en  a  t e s t  of d i f f e re n c e s  in  b i rd  L J ’s to ta l  m o v e m e n ts  a f t e r  a 
change  f r o m  coo l w et w e a th e r  to  h o t  w e a th e r .
In th e  s ign  t e s t s  fo r  b i rd s  EL  and  S, w e a th e r  on the  days p a i r e d  
w as s i m i l a r ,  and  th e  r e s u l t s ,  though not s ig n if ican t ,  w e re  c o m p a ra b le  
to  the  r e s u l t s  of the  s ign  t e s t  fo r  b i r d  L J  (Appendix V), W hen da ta  
fo r  in d iv id u a l  b i r d s  w e re  co m b in ed  and a n a ly z e d  w ith  a  s ign  t e s t ,  the  
r e d u c t io n  in  to ta l  m o v e m e n ts  fo llow ing c a t t le  in v as io n  w as highly  
s ig n if ic a n t .  In th is  c a s e ,  only s ix  of 18 d a ta  s e t s  p a i r e d  cool wet 
w e a th e r  w ith  hot w e a th e r .  T h us , c a t t le  in v a s io n  a p p e a re d  to  be the
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b e s t  e x p la n a t io n  fo r  th e  o b s e rv e d  re d u c t io n  in  to ta l  m o v e m e n ts .
A lthough  the  r e s u l t s  of the  s ig n  t e s t s  on th e  to ta l  m o v e m e n ts  of 
t e r r i t o r i a l  m a le  R uffed  G ro u s e  b e fo re  and  a f t e r  c a t t le  in v as io n  w e re  
so m ew h a t  confounded  by w e a th e r ,  s ig n if ic an t  d i f fe re n c e s  in  to ta l  m o v e ­
m e n t  (of=. 1) f o r  b i rd  L J ,  a l l  b i r d s  co m b in ed  (#= .025), and d ru m m in g  
by b i r d  E L  in  r e s p o n s e  to  c a t t le  su g g e s te d  th a t  R uffed G ro u se  m o v e ­
m e n ts  and  b e h a v io r  w e re  a f fe c te d  by ra n g e  c a t t le .  S pec if ica lly ,  the  
re d u c t io n  in  t e r r i t o r y  s iz e  and  o b se rv e d  b e h av io r  in d ic a te d  th a t  m a le  
R uffed  G ro u s e  te n d e d  to  r e s p o n d  in  a  t e r r i t o r i a l  m a n n e r  to  the  in v a ­
s ion  of c a t t l e .  B i rd  E L  re s p o n d e d  w ith a  s l ig h t  d e c r e a s e  in to ta l  
m o v e m e n ts  and  a c t iv e  d ru m m in g  w hile  b i r d  L J  re sp o n d e d  by a  s ig n if i ­
can t  d e c r e a s e  in  to ta l  m o v e m e n ts .  T he  long d ru m m in g  se a s o n  w as 
a d d it io n a l  ev id en ce  th a t  m a le  Ruffed  G ro u se  r e s p o n d e d  to  c a t t le  t e r r i ­
to r ia l ly .  T hroug hou t the  Ruffed  G r o u s e 's  ra n g e ,  d ru m m in g  was 
n o r m a l ly  c o m p le te d  by m id -M a y  w ith  so m e  sp o ra d ic  d ru m m in g  un til  
e a r l y  Ju n e  (B um p e t  a l .  1947, G ullion  19&&, and  H u n g e rfo rd  1953), 
D uring  th is  s tudy , h ow ever ,  f a i r l y  in te n s iv e  d ru m m in g  con tinued  un til  
1 Ju ly .  T h e  d e c r e a s e  in  to ta l  m o v e m e n ts  and  ex tended  d ru m m in g  
s e a s o n  o c c u r r e d  a t  a  t im e  when A rc h ib a ld 's  (1975) da ta  in d ic a te d  th a t  
m o v e m e n ts  a n d  hom e  ra n g e  s iz e  shou ld  be expanding, not d e c r e a s in g .  
T h u s ,  the  o b s e rv e d  d e c r e a s e  in  to ta l  m o v e m e n ts  and  d ru m m in g  a c t iv i ty  
in  r e s p o n s e  to  c a t t l e  in v a s io n  w as m o re  s ig n if ic a n t .
T he a r e a ,  shape , and  co n tin u ity  of th e  r i p a r i a n  v e g e ta t io n
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in h a b i te d  by t e r r i t o r i a l  m a le s  cou ld  have  a c te d  a s  a bu ffe r  a g a in s t  
th e  in f lu en ce  of c a t t l e .  T he  r i p a r i a n  g ro w th  u s e d  by b i rd  S w as 
co n tin u o u s ,  had  th e  l a r g e s t  a r e a ,  and th e  lo n g e s t  m in im u m  d im e n ­
s ion . B i rd  S show ed l i t t le ,  if  any , change  in  to ta l  m o v e m e n ts  o r  
b e h a v io r  in  r e s p o n s e  to  c a t t l e .  On the  o th e r  hand, b i rd  E L 's  t e r r i ­
t o r y  c o n ta in e d  the  l e a s t  r i p a r i a n  v e g e ta t io n ,  and  th is  p r e f e r r e d  h ab ita t  
was d isc o n tin u o u s .  T he d isc o n tin u o u s  n a tu re  of the  h a b ita t  p ro bab ly  
m a s k e d  th e  e f fe c t  of c a t t l e  on to ta l  m o v e m e n ts  red u c in g  the  e ffe c t iv e ­
n e s s  of th e  s ign  t e s t .  At th e  s a m e  t im e ,  th e  d isco n tin u o u s  h ab ita t  
a llo w ed  th e  c a t t l e  to  c o m e  in  p ro x im ity  to  b i r d  E L . A s a  r e s u l t ,  the  
m a le  e i t h e r  d ru m m e d  in r e s p o n s e  to  th e  c a t t le  o r ,  in  the  c a s e  of 
c lo s e  e n c o u n te r s ,  the  b i rd  w as f lu sh e d . The r ip a r i a n  v eg e ta t io n  
w hich  c o m p o se d  the  t e r r i t o r y  of b i r d  L J  w as long and  n a r ro w  a llow ing 
th e  c a t t l e  to  m o v e  f a i r ly  c lo s e  to  th e  b ird ,  but v e ry  c lo s e  e n c o u n te rs  
w ith  c a t t l e  and  a s s o c ia t e d  d ru m m in g  c h a r a c t e r i s t i c  of b i r d  E L  w e re  
in f re q u e n t  on b i r d  L J ' s  t e r r i t o r y .
W ithout h i s t o r i c a l  d a ta ,  the  b io lo g ic a l  s ig n if ic an c e  of a  red u c tio n  
in  to ta l  m o v e m e n ts  and  len g th en e d  d ru m m in g  se a s o n  follow ing c a t t le  
in v a s io n  co u ld  only be le f t  to  sp e c u la t io n .  Eng and  G ullion  (1962) and 
G ullion  and  M a r s h a l l  (1968) n o ted  th a t  G oshaw ks l e a r n  the  d i re c t io n s  
of g r o u s e  a p p ro a c h  to  and  e s c a p e  f r o m  d ru m m in g  lo g s .  A lo n g e r  
d ru m m in g  s e a s o n  would g ive p r e d a to r s  m o r e  t im e  to  o b se rv e  and  
m o r e  o p p o r tu n i t ie s  to  s t r i k e .  The p o te n t ia l  i n c r e a s e  in  p re d a t io n
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r e s u l t in g  f r o m  a t e r r i t o r i a l  r e s p o n s e  to  c a t t le  in v as io n  by m a le  
R uffed  G ro u s e  cou ld  a d v e r s e ly  a ffe c t  m a le  g ro u s e  su rv iv a l ;  but 
w ithou t h i s t o r i c a l  d a ta  on g r a z e d  and  u n g ra z e d  a r e a s ,  the  c o n je c tu re  
r e m a in e d  a  h y p o th e s is .
Som e sp e c u la t io n  c o n c e rn in g  th e  im p l ic a t io n s  of a t e r r i t o r i a l  
r e s p o n s e  by m a le  R uffed  G ro u s e  to  ra n g e  c a t t le ,  how ev er ,  w as 
w a r r a n te d .  S ince  the  g ro u s e  o b s e rv e d  in  th is  s tudy occup ied  good to 
e x c e l le n t  h a b i ta t ,  c a t t l e  had  no o b se rv a b le  e ffec t  on b i rd  su rv iv a l .
In c o n t r a s t ,  a  len g th en e d  p e r io d  of t e r r i t o r i a l i t y  in  r e s p o n s e  to  c a t t le  
cou ld  r e s u l t  in  a d d it iv e  p re d a t io n  lo s s e s  in  m a rg in a l  h a b ita t .  T h is  
p o te n t ia l  would b e co m e  im p o r ta n t  when c o n s id e r in g  the  d ec line  in 
h igh  q u a li ty  Ruffed  G ro u se  h a b ita t  (Hayden 1975). S pecu la tion  c o n ­
c e rn in g  f e m a le  R uffed  G ro u se  a ls o  s e e m e d  a p p ro p r ia te .  S ince  the  
m a l e ' s  r e s p o n s e  w as l in k ed  to  the  re p ro d u c t iv e  c y c le ,  p o ten t ia l  fe m a le  
r e s p o n s e s  cou ld  a ls o  be l in ked  to  th e  s a m e  c y c le .  Two lo g ic a l  p o s s i ­
b i l i t i e s  would  be n e s t  and  b ro o d  p ro te c t io n .  I n c r e a s e d  n e s t  p ro te c t io n  
cou ld  r e s u l t  in  re d u c e d  in cu b a tio n  and  in c r e a s e d  p o ten t ia l  fo r  n e s t  
f a i lu r e  w hile  i n c r e a s e d  b ro o d  p ro te c t io n  (feigning  and  b ro k en  wing 
d isp lay s )  co u ld  i n c r e a s e  the  t im e  when b ro o d s  a r e  una tten ded  by the  
f e m a le  r e s u l t in g  in  h ig h e r  b ro o d  m o r ta l i ty .  F in a lly ,  the  p o s s ib i l i ty  
of o th e r  s p e c ie s  of g ro u s e  re sp o n d in g  to  c a t t le  in  a  s im i l a r  m a n n e r  
shou ld  be c o n s id e r e d ,  A d e c l in e  in  the  am ou n t of h igh qua lity  h a b ita t  
and  i n c r e a s e d  u s e  of n a tiv e  r a n g e s  in  both f o r e s te d  and u n fo re s te d
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a r e a s  w ould  be  th e  p r i m a r y  f a c to r s  w hich  n e c e s s i t a t e  such  c o n s id e r a ­
t io n s .
U ti l i ty  of D i s c r im in a n t  A n a ly s is  of T o ta l  S t ru c tu r e
T he  d i s c r im in a n t  a n a ly s i s  in d ic a te d  s ig n if ican t  d i f fe re n c e s  
(#=. 0 2 5 - .  005) in  the  s t r u c t u r a l  c h a r a c t e r i s t i c s  of th e  h a b ita t  u se d  
f o r  f ive  c a t e g o r i e s  of a c t iv i ty  by t e r r i t o r i a l  m a le  R uffed G ro u se .
T he im p l ic a t io n s  of th e  d i f f e re n c e s  w e re  not r e a d i ly  a p p a re n t  f r o m  
c o m p a r is o n  of th e  m e a n s  of th e  13 co m b in ed  V H Z 's  fo r  each  r in g  and 
each  a c t iv i ty  c a te g o ry  (Appendix XII), F o u r  im p o r ta n t  f a c to r s  c o m ­
b in ed  to  m a k e  in te r p r e t a t i o n  of d i s c r im in a n t  a n a ly s is  d iff icu lt .  F i r s t ,  
the  m a jo r  p ro b le m  e n c o u n te re d  in  the  d i s c r im in a n t  a n a ly s is  of the  
s t r u c tu r a l  c h a r a c t e r i s t i c s  of R uffed  G ro u se  h a b ita t  w as th e o r e t i c a l  
r a t h e r  th an  p r a c t i c a l .  D is c r im in a n t  a n a ly s is  w as b a se d  on la rg e  
s a m p le  th e o r y .  The l a r g e s t  g rou p  sa m p le  w as n = l8  fo r  m is c e l la n e o u s  
h a b i ta t .  F r e e s e  (1964) in d ic a te d  th a t  n=30 i s  d e s i r a b le  fo r  d i s c r i m i ­
nan t a n a ly s i s .  T h e r e f o r e ,  in f e r e n c e s  co n ce rn in g  the  s t r u c tu r a l  
c h a r a c t e r i s t i c s  of t e r r i t o r i a l  m a le  R uffed  G ro u se  h a b ita t  in  W e s te rn  
M ontana  b a s e d  on th e  r e s u l t s  of th is  s tudy  should  be m a d e  with 
c au tio n  b e c a u s e  of th e  s m a l l  s a m p le  s iz e .  Secondly , the  th r e e  u p p e r  
l a y e r s  w e re  a n a ly z e d  s e p a r a t e ly  f r o m  th e  te n  co m bin ed  V H Z 's  of the  
lo w e r  36 in c h e s  (9 1 .4  cm ). D if fe re n c e s  in  the  u p p e r  th r e e  s t r a ta  
w e re ,  h o w e v e r ,  no t a s  o b s c u re  a s  th o se  in  the  lo w e r  36 in c h e s  (91 .4
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cm) of the  h a b i ta t .  T h ird ly ,  th e  r in g s  dep ic ting  h o r iz o n ta l  d is ta n c e s  
w e re  a n a ly z e d  s e p a r a t e ly .  F in a l ly ,  s in ce  the  d i s c r im in a n t  u se d  a l l  
v a r i a b le s  s im u lta n e o u s ly ,  e i t h e r  s m a l l  d i f fe re n c e s  in  e a c h  v a r ia b le  
o r  a  l a r g e  d i f fe re n c e  in  one v a r i a b le  cou ld  r e s u l t  in  a  s ta t i s t i c a l ly  
s ig n if ic a n t  d i f f e r e n c e .  C a re fu l  e x am in a tio n  of A ppendix  VII re v e a le d  
th a t  th e  m a jo r i t y  of the  d i f f e re n c e s  in  h a b ita t  s t r u c tu r e  d e te c te d  by 
d i s c r im in a n t  a n a ly s i s  in  the  lo w e r  36 in c h e s  (9 1 .4  cm) cou ld  be 
a t t r ib u te d  to  r e l a t iv e ly  s m a l l  d i f fe re n c e s  in  fo liag e  c o v e r  fo r  each  
VHZ. C e n te r  c i r c l e  w as an  obvious excep tion  to th is  g e n e ra l iz a t io n .
T he r e s u l t s  of a n a ly s i s  of d en s i ty ,  fo liage  c o v e r  by v e g e ta t io n  
c la s s ,  and  o v e r la p  w e re  a l s o  a v a i la b le  a s  a id s  in  c la r i f ic a t io n  of the  
r e s u l t s  of th e  d i s c r im in a n t  a n a ly s i s .  Som e p ro b le m s  w ith a n a ly s is  
of v a r i a n c e  of d e n s i ty  and  c o v e r  d a ta  w e re ,  h o w ev er ,  no ted . The 
u n e q u a l  n u m b e r  of s a m p le s  in  h a b i ta t  u se d  by the  g ro u se  fo r  the  five  
c a t e g o r i e s  of a c t iv i ty  and  the  s m a l l  n u m b e r  of d ru m m in g  logs , night 
r o o s t s ,  and  n ig h t-d a y  r o o s t s  w as n o tew o rth y . An a d d it io n a l  d ifficu lty  
w as th a t  no t a l l  p lo ts  in  an  a c t iv i ty  c a te g o ry  co n ta in ed  the  p a r t i c u l a r  
d ia m e te r  c l a s s  o r  v e g e ta t io n  c l a s s  be ing  a n a ly z e d  c au s in g  z e r o s  
to  be in c lu d ed  in  th e  a n a ly s i s .  T he p ro b le m s  in h e re n t  w ith  s m a l l  
s a m p le s  w e re  confounded by z e r o s  in  the  da ta  r e s u l t in g  in  l a r g e  e r r o r  
t e r m s  and  s ta n d a r d  d e v ia t io n s .  The h igh  c o e f f ic ie n ts  of v a r ia t io n  
w e r e ,  t h e r e f o r e ,  l a r g e ly  a  r e s u l t  of th e s e  p r o b le m s .
A n a ly s is  of v a r i a n c e  of t r e e  and  sh ru b  d e n s i ty  r e v e a le d  no
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c o n s i s te n t  d i f f e r e n c e s  am on g  a c t iv i ty  c a te g o r ie s*  P a l m e r  (1963) 
had  in d ic a te d  th a t  d e n s i ty  w as not s a t i s f a c to r y  fo r  c h a r a c te r i z in g  
d ru m m in g  lo g s .  In th is  s tudy , to ta l  d e n s i ty  and c o n ife r  d en s i ty  in 
th e  4 to  8 in ch  (1 0 .2  to  20, 3 cm ) d ia m e te r  c l a s s  did, how ever ,  p ro ve  
u se fu l  in  s e p a r a t in g  d ru m m in g  logs f r o m  h ab ita t  u se d  fo r  o th e r  c a te ­
g o r ie s  of a c t iv i ty .  D en sity  in  th is  d i a m e te r  c la s s  w as h ig h e r  a t 
d ru m m in g  logs th an  a t  h a b i ta t  u se d  fo r  o th e r  c a te g o r ie s  of a c t iv i ty .  
D e n s i ty  in  th is  d i a m e te r  c l a s s  was h ig h e r  a t  d ru m m in g  logs th an  a t  
h a b i ta t  u se d  fo r  o th e r  a c t iv i t i e s .  P a l m e r  (1963) a l s o  found h ig h e r  
t r e e  d e n s i t i e s  in  th i s  s iz e  c l a s s  n e a r  d ru m m in g  logs . H ig h e r  d e n s i ­
t ie s  in  the  4 to  8 in ch  (10, 2 to  20. 3 cm) d ia m e te r  c la s s  of d ru m m in g  
logs r e s u l te d  in  h igh c o v e r  in  the  u p p e r  s t r a tu m  and s tro n g ly  in f lu ­
enced  th e  r e s u l t s  of th e  d i s c r im i n a n t  a n a ly s i s .
C o m p a r is o n  of sh ru b  fo liage  c o v e r ,  on the  o th e r  hand, w as a 
f a i r l y  e ff ic ie n t  m e a n s  of s e p a ra t in g  h a b ita t  u se d  by m a le  Ruffed 
G ro u s e  fo r  t h e i r  v a r io u s  a c t iv i t i e s .  In the  6 to  15 fe e t  (1. 82 to  4. 57 m) 
s t r a tu m ,  sh ru b  fo liage  c o v e ra g e  w as  l e s s  a t  d ru m m in g  logs th an  a t  
h a b i ta t  u se d  fo r  o th e r  a c t iv i t i e s .  S im ila r ly ,  sh ru b  fo liag e  c o v e r  in 
the  lo w e r  36 in c h e s  (9 1 .4  cm) w as not only l e s s  a t  d ru m m in g  logs 
but a l s o  g r e a t e r  a t  n ig h t-d a y  r o o s t s  than  in  o th e r  h a b i ta t s .  In each  
of th e  t h r e e  sh ru b  fo l iag e  c o v e r  a n a ly s e s ,  how ever, the  s ig n if ican ce  
le v e l  of one c o m p a r is o n  be tw een  two of the  f ive  h a b ita t  c a te g o r ie s  was 
low (a = . 2).
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In 1963, P a l m e r  found th a t  sh ru b  d e n s i ty  in  the  low er 2 fee t  
(61 cm ) of th e  h a b i ta t  w as l e s s  n e a r  d ru m m in g  logs th an  in  the  
su r ro u n d in g  h a b ita t .  S ince  d e n s i ty  w as c lo s e ly  r e l a te d  to c o v e r ,  
th e  o b s e rv a t io n  th a t  c o v e r  in  th e  low er 36 in ch e s  (91 .4  cm) was l e s s  
a t  d ru m m in g  logs  th a n  a t  h a b ita t  u se d  fo r  o th e r  a c t iv i t ie s  was c o n s i s ­
te n t .  S ince  s h ru b s  co m p o se  the  m a jo r i ty  of th e  v e g e ta l  s t r u c tu r e  in 
the  lo w e r  36 in c h e s  (9 1 .4  cm) of th e  h a b ita t  (F ig u re  10) and  fo liage  
c o v e r  in  the  v a r io u s  V H Z 's  w as u se d  in  the  d i s c r im in a n t  a n a ly s is ,  
s t r a t i f i e d  sh ru b  c o v e r  w as an  im p o r ta n t  a id  in  in te r p r e ta t io n  of the  
r e s u l t s  of th e  d i s c r im in a n t  a n a ly s i s .
O v e r la p  of v e g e ta t io n  in  the  lo w er  36 in ch e s  (9 1 .4  cm) of the  
low sh ru b  and  h e rb a c e o u s  s t r a t a  w as not e ffec tive  in  c o m p a r in g  the 
h a b ita t  u se d  by t e r r i t o r i a l  m a le  R uffed G ro u se  fo r  th e i r  v a r io u s  
a c t iv i t i e s .  O v e r la p  w as r e la t iv e ly  u n im p o r ta n t  b e c a u se  of the  low 
c o v e r  v a lu e  of o v e rlap p in g  v e g e ta t io n  and  the  f a i lu r e  of o v e r la p  a s  
a  m e a n s  of s e p a ra t in g  the  v a r io u s  c a te g o r ie s  of th e  h a b ita t .  At 
d ru m m in g  logs , h ow ever ,  o v e r la p  shou ld  be c o n s id e re d  p o ten tia l ly  
im p o r ta n t  a s  a t te m p ts  con tinue  to  find a  m eth o d  to  d is t in g u ish  be tw een  
t r a n s i e n t  and  p e re n n ia l  d ru m m in g  logs a s  w ell  a s  u n used  logs . F o l i ­
age  c o v e r  above  th e  d ru m m in g  s ta g e  in  th e  lo w er 36 in c h e s  (9 1 .4  cm) 
w as 19 p e rc e n t  (F ig u re  10). In su ff ic ie n t  h i s to r i c a l  su rv iv a l  d a ta  was 
a v a i la b le  to  e v a lu a te  th e  im p o r ta n c e  of low canopy  ove rlap p in g  the  
d ru m m in g  s ta g e ,  but th is  o v e r la p  r e p r e s e n te d  n e a r ly  35 p e rc e n t  of
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th e  a v e r a g e  fo l ia g e  c o v e r  in  th e  lo w e r  36 in c h e s  (9 1 .4  cm) of h a b ita t  a t 
d ru m m in g  logs on th e  study  a r e a .  W ith  th e  ex cep tion  of p o ss ib le  im ­
p o r ta n c e  in  d is t in g u ish in g  b e tw een  ty p es  of d ru m m in g  logs , o v e r la p  
w as not c o n s id e re d  a  s ig n if ic a n t  f a c to r  in fluencing  the  r e s u l t s  of the  
d i s c r im in a n t  a n a ly s i s .
F r o m  th e  d is c u s s io n  to  th is  point, d i f fe re n c e s  in  the  h a b ita t  u se d  
by t e r r i t o r i a l  m a le  R uffed  G ro u se  w e re  a p p a re n t ly  the  r e s u l t  of the  
s t r u c tu r a l  d i f f e r e n c e s  in  e ac h  c la s s  of v e g e ta t io n .  The d ifficu lty  in  
in te r p r e t a t i o n  of th e  r e s u l t s  of the  d i s c r im in a n t  a n a ly s is  a p p a re n t ly  
w as in th e  ch o ice  of to ta l  s t r u c tu r e  (a l l  c l a s s e s  of v eg e ta t io n  combined) 
fo r  a n a ly s i s .  S h ru b s  p ro v id ed  the p r i m a r y  v e r t i c a l  com ponent of 
h a b ita t  s t r u c tu r e  be tw een  12 and  36 in ch es  (30 .5  and  9 1 .4  cm ).
H e rb s  such  a s  s tin g ing  n e t t le  (U r t ic a  dio ica) a ls o  c o n tr ib u te d  to  th is  
low sh ru b  s t r a tu m .  G r a s s e s  w e re  c o n c e n tra te d  in  the  lo w est  6 
in c h e s  (1 5 .2  cm) and  h e rb s  in  th e  lo w es t  12 in ch e s  (3 0 .5  cm ). Shrub 
canopy  c o v e ra g e  below 12 in c h e s  (3 0 .5  cm) w as low. By com bin ing  
l i t t e r ,  g r a s s e s ,  h e rb s  and  sh ru b s  in  the  lo w e r  36 in ch es  (9 1 .4  cm) 
to  ob ta in  to ta l  s t r u c tu r e  f o r  u se  in  d i s c r im in a n t  a n a ly s is ,  sm a l l  (but 
s ig n if ican t)  d i f f e r e n c e s  in  to ta l  h a b ita t  s t r u c tu r e  w e re  d e te c ted .
T h u s , l a r g e r  s t r u c tu r a l  d i f f e r e n c e s  which; m a y  have e x is te d  in each  
c l a s s  of v e g e ta t io n  in  the  h a b ita t  u se d  fo r  th e  v a r io u s  c a te g o r ie s  of 
a c t iv i ty  w e re  h idden  by o th e r  c l a s s e s  of v e g e ta t io n  in  th e  d i s c r im in a n t  
a n a ly s i s  of to ta l  s t r u c tu r e .
89
T he  p o te n t ia l  m a s k in g  e ffec t  of th e  fo u r  c l a s s e s  of v e g e ta t io n  
w as d e m o n s t r a te d  by F ig u r e  10. L i t t e r ,  g r a s s e s  and h e rb s  o c c u r r e d  
in  the  lo w e r  le v e ls  of the  h a b ita t  and  would m a s k  s t r u c tu r a l  d if fe re n c e  
in  v e r t i c a l  sh ru b  s t r a t i f i c a t io n .  F u r th e r m o r e ,  in  s i tu a t io n s  w h e re  
t a l l e r  h e rb s  w e re  m o r e  co m m o n , th e s e  p la n ts  a ls o  le s s e n e d  d i f f e r ­
e n c e s  in  to ta l  s t r u c tu r e  b e tw een  12 and  36 in ch es  (30. 5 and 9 1 .4  cm ). 
E x am in a tio n  of F ig u r e  10 le d  to  an  a p p re c ia t io n  of th e  d iff icu lty  in  
d raw in g  m ea n in g fu l  c o n c lu s io n s  f r o m  the  r e s u l t s  of the  d i s c r im in a n t  
a n a ly s i s  of to ta l  s t r u c tu r e .
P e r h a p s  of g r e a t e r  im p o r ta n c e .  F ig u r e  10 p ro v id ed  a p ic tu re  
of so m e  a s p e c t s  of th e  s t r u c tu r a l  c h a r a c t e r i s t i c s  of e ac h  c la s s  of 
v e g e ta t io n  found in  the  h a b ita t .  D if fe re n c e s  in sh ru b  s t r u c tu r e  w e re  
im m e d ia te ly  a p p a r e n t .  D if fe re n c e s  in  to ta l  sh ru b  c o v e r  w e re  m o s t  
obv ious, but d if fe re n c e  in  the  fo liage  c o v e r  of sh ru b s  in  the  0 to  6 
and  30 to  36 inch  (0 -15 . 2 and  76. 2 -9 1 .4  cm) he igh t c l a s s e s  w e re  a ls o  
a p p a r e n t .  A s p re v io u s ly  d is c u s s e d ,  a n a ly s is  of v a r ia n c e  of sh ru b  
fo liag e  c o v e r  in th e  lo w e r  36 in c h e s  (91 .4  cm) p ro v e d  to  be a v a lu ab le  
m e a n s  of d e te rm in in g  d i f f e r e n c e s  in  h a b ita t  u se d  by the  m a le  Ruffed 
G ro u s e .  T hus, i t  w as a p p a re n t  th a t  sh ru b  fo liage  c o v e r  in  the  v a r io u s  
v e r t i c a l  h e igh t  zo n es  (VHZ) p ro b a b ly  would have been  m o re  v a lu ab le  
f o r  u se  in  th e  d i s c r im in a n t  a n a ly s i s .  T he in s ig h t  ga ined  th ro u g h  
d i s c r im in a n t  a n a ly s i s  of sh ru b  fo liage  c o v e r  m a y  have been  of m o r e  
v a lu e  to  h a b ita t  m a n a g e r s ,  s in c e  s h ru b s  d isp la y e d  the  g r e a t e s t
90
d iv e r s i t y  in  v e r t i c a l  d i s t r ib u t io n  of fo liage  c o v e r .
D is c r im in a n t  a n a ly s is  w as  a  pow erfu l s t a t i s t i c a l  to o l  fa c i l i ta t in g  
d i f fe re n t ia t io n  b e tw een  h a b i t a t  c a te g o r ie s  u s ing  s e v e r a l  v a r i a b le s ,  but 
the  c h o ice  of v a r i a b le s  w as c r i t i c a l .  A m o r e  d e ta i le d  p r e l im in a r y  
in v e s t ig a t io n  w as n e ed e d  to  c h o o se  v a r i a b le s  which not only m a x i ­
m iz e d  the  e f f ic ie n cy  of th e  d i s c r im in a n t  a n a ly s is  but a ls o  p ro duced  
d i f f e r e n c e s  of su ff ic ien t  m ag n itu d e  th a t  f ind ings could  be u se d  in  
m a n a g e m e n t .
In th is  study  d i s c r im in a n t  a n a ly s is  of to ta l  s t r u c tu r e  s e rv e d  
a s  an  in d ic a t io n  th a t  s ig n if ic a n t  d i f fe re n c e s  in  h a b i ta t  s t r u c tu r e  ex is ted , 
A n a ly s is  of v a r i a n c e  of s t r a t i f i e d  fo liage  c o v e r  and  d e n s i ty  a s  w e ll  a s  
d a ta  a v a i la b le  th ro u g h  u se  of th e  sam p lin g  s y s te m  developed  fo r  the  
s tudy  (F ig u re  10) p ro v id e d  the  n e c e s s a r y  in s ig h t  in to  both the  n a tu re  
and  im p o r ta n c e  of the  d i f f e r e n c e s .
H ab ita t  and  G ro u se  P re d a t io n  V u ln e ra b i l i ty
S e v e ra l  im p o r ta n t  f a c e t s  of t e r r i t o r i a l  m a le  Ruffed G ro u se  
h a b i ta t  w e re  d i s c u s s e d  in  th e  p re v io u s  se c t io n ,  but the  im p lic a t io n s  
of h a b i ta t  s t r u c tu r e  on R uffed  G ro u s e  b e h a v io r  and  su rv iv a l  w e re  not 
c o n s id e re d .  One a s s u m p t io n  c e n t r a l  to m o s t  d i s c u s s io n s  of h a b ita t  
in  r e l a t io n  to  s u r v iv a l  of t e r r i t o r i a l  m a le s  w as th a t  av ia n  p re d a t io n  
w as th e  p r i m a r y  c a u s e  of d e a th  (Eng and G ullion  1962 and  Boag 1976). 
A d d it io n a l ly ,  hunting  w as not a f a c to r  d u r in g  the  p e r io d  c o n s id e re d .
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but th e  g r o u s e 's  r e s p o n s e  to  m a n  cou ld  be in f lu enced  by su rv iv a l  of
a t  l e a s t  one hun ting  se a s o n .
H a b i ta t  su r ro u n d in g  d ru m m in g  logs w as c h a r a c t e r i z e d  by 
fo liag e  c o v e r  g r e a t e r  th an  60 p e rc e n t  in  the  s t r a tu m  above 15 fee t  
(4, 57 m) in  a l l  r in g s  w ith  v e r y  low canopy c o v e ra g e  in  both the  3 to  6 
and  6 to  15 f e e t  ( . 9 1 - 1 .8 2  and  1. 8 2 -4 .  57 m) s t r a t a  above the  drum = 
m in g  s ta g e  ( c e n te r  c i r c le ) .  Above the  3, 5, and  6 fe e t  ( .9 1 , 1. 6, and 
2 ,1  m) r in g s ,  h o w ev er ,  canopy  c o v e ra g e  in  th e  6 to  15 fe e t  (1, 6-2o 1 m) 
s t r a tu m  w as 3 8 .5  p e rc e n t  w hile  canopy  c o v e r  in  the  3 to  6 fee t  ( .9 1 -
1. 6 m) s t r a tu m  w as 23. 3 p e rc e n t .  T h is  d ec l in e  in  canopy c o v e ra g e  
p r o g r e s s in g  down the  u p p e r  t h r e e  s t r a t a  w as found only a t  d ru m m in g  
logs (F ig u re  10). F u r t h e r m o r e ,  th e  n o ticeab ly  low canopy  c o v e ra g e  
in  th e  two s t r a t a  lo c a te d  be tw een  3 and  15 fee t  ( .91  and  4 . 57 m) above 
the  d ru m m in g  s ta g e  in  r e l a t io n  to  canopy  c o v e ra g e  in  t h r e e  o u te r  r in g s  
w as in  c o n t r a s t  to  the  s t r u c tu r e  found in  o th e r  c a te g o r ie s  of h ab ita t .
A n o th e r  p o te n t ia l ly  im p o r ta n t  a s p e c t  of v e g e ta l  s t r u c tu r e  a t 
d ru m m in g  logs  w as the  a v e ra g e  h e ig h t of the  su rro u n d in g  v e g e ta t io n  
in  r e l a t io n  to  th e  h e ig h t of the  d ru m m in g  s ta g e .  The top of the low 
s h ru b  s t r a tu m  fo l ia g e  in  the  3 f e e t  ( .91  rn) r in g  ( 1 .5 - 4 .  5 fee t  o r  4 5 .7 -  
1 3 7 .2  c m  f r o m  th e  c e n te r  of th e  d ru m m in g  stage) had an  a v e ra g e  
h e ig h t of 24 in c h e s  (6 l  cm ), a n d  the  top  of th e  low sh ru b  la y e r  fo liage  
in  th e  5 f e e t  (1. 6 m ) r in g  (4. 5- 6. 2 fe e t  o r  1. 37 -1 . 89 m) and  6 fe e t  (2 .1  
m ) r in g  (6. 2 - 7 .5  fe e t  o r  1 .8 9 - 2 .2 9  m) w as 30 in c h e s  (7 6 .2  c m ) .  T hus,
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on th e  a v e r a g e ,  th e  top  of th e  fo l iag e  of low sh ru b  la y e r  p lan ts  and  
th e  bottom, of th e  m id - s h r u b  l a y e r ’s fo liag e  w e re  not con tinuous.
T h is  6 to  12 in ch  (15. 2 -30 . 5 cm) gap in  the  v e r t i c a l  s t r u c tu r e  o c c u r r e d  
6 to  12 in c h e s  ( 1 5 .2 - 3 0 .5  cm) above the  he igh t of the  d ru m m in g  s tag e  
o r  24 to  30 in c h e s  (6 1 .0 -7 6 ,  2 cm ) above  g round  le v e l  fo r  a t  l e a s t  7. 5 
fe e t  (2 .3  m) of the  h a b ita t  su r ro u n d in g  d ru m m in g  lo g s .  In ad d it io n  
low sh ru b  fo l ia g e  c o v e r  (1 8 .3  p e rc e n t)  w as s ig n if ican t ly  l e s s  a t  
d ru m m in g  lo g s .  F o l ia g e  c o v e r  of th e  u p p e r  6 in c h e s  (1 5 ,2  cm) of the  
low sh ru b  canopy  w as u n d e r  t e n  p e rc e n t  a t  d ru m m in g  lo g s .  The 
p r e s e n c e  of low c o v e r  o v e rla p p in g  th e  d ru m m in g  s ta g e  could  a ls o  be 
of v a lu e  by m ak in g  the  c ry p t ic  b i rd  m o r e  d iff icu lt  fo r  p r e d a to r s  to  
lo c a te  w hen th e  b i r d  r e m a in e d  m o tio n e ls s  on the  d ru m m in g  log. Eng 
(in Boag and  Sum anik , 1969) a l s o  no ted  the  im p o r ta n c e  of co v e r  
d i r e c t l y  o v e r  the  d ru m m in g  s tag e  (F ig u re  10).
In  t h e i r  d i s c u s s io n  of d ru m m in g  log se lec tio n ,  Boag and 
S um an ik  (1969) in d ic a te d  th a t  " . .  . t h e  canopy  c o v e ra g e  a ffo rd e d  by 
c e r t a i n  s p e c ie s  of p lan ts  a t  th e  s i t e "  w as p o ss ib ly  th e  m o s t  im p o r ta n t  
s e le c t io n  f a c to r .  T h ey  b a s e d  th is  s ta te m e n t  on the  h ig h e r  d en s ity  
and  canopy  c o v e r  of both w hite  s p ru c e  and  r o s e  in  the sh ru b  la y e r  
a ro u n d  d ru m m in g  lo g s .  S ince one of the  sp e c ie s  w as a  c o n ife r  and 
only a  t r a n s i e n t  m e m b e r  of th e  sh ru b  la y e r ,  th e  co n c lu s io n  th a t  a  p a r ­
t i c u l a r  s p e c ie s  w as  th e  im p o r ta n t  f a c to r  in  s e le c t io n  se e m e d  open to  
d e b a te .  R a th e r ,  th e  he igh t of the  can o p y ’s fo liage , both the  u p p e r  and
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lo w e r  l im i t s  of e ffe c t iv e  c o v e r ,  the  VHZ, w e re  in d ic a te d  a s  the  
im p o r ta n t  f a c t o r s .  In A lb e r ta ,  w hite  s p ru c e  and  ro s e  occup ied  the 
VHZ w hile  in  M ontana  a  v a r i e ty  of sp e c ie s  occup ied  the  VHZ includ ing  
r o s e ,  s n o w b e r ry  (S y m p h o r ic a rp o s  a lb u s ) . R ib es  s p p . , Rubus s p p . , 
a n d  S p i r a e a  spp . T he  p r e c i s e  u p p e r  (and to  som e  ex ten t  low er) 
l im i t  of th e  VHZ a r e  dependen t on th e  he igh t of the  d ru m m in g  s ta g e .
S t r u c tu r a l  in fo rm a tio n  would be of l i t t le  v a lu e  when c o n s id e re d  
a p a r t  f r o m  th e  b i r d 's  b e h a v io r  a t  d ru m m in g  lo g s .  W hen a t e r r i t o r i a l  
m a le  Ruffed  G ro u s e  on h is  log h e e a m e  a w a re  of d a n g e r ,  h is  f i r s t  
a c t io n  w as to  s t r e t c h  h is  h ead  to  fu ll  he igh t, abou t 12 in c h e s ,  which 
e le v a te d  h is  head  above  the  top  of the  low sh ru b  la y e r  a llow ing the  b ird  
to  c a r e fu l ly  s u rv e y  h is  s u r ro u n d in g s .  If the  in t r u d e r  w as o b se rv e d  
th e  b i r d  d ro p p e d  h is  body to  h o r iz o n ta l ,  s low ly  le f t  the  log, and r a n  
aw ay  on th e  g ro u n d  o r  f lu sh ed . M u sse h l  (1963) o b s e rv e d  s im i l a r  
b e h a v io r  and  u se  of the  e ffe c t iv e  he igh t of v e g e ta t io n  by Blue G ro u se  
b ro o d  h e n s .
T h e  s t r u c tu r e  of th e  u p p e r  t h r e e  s t r a t a  cou ld  a ls o  be im p o r ta n t  to  
b i r d  s u rv iv a l  a t  d ru m m in g  logs  (F ig u re  10). T he  g r e a t e s t  deve lop m en t 
w as  in  the  s t r a tu m  above  15 f e e t  (4. 57 m) a t  d ru m m in g  logs but in  the 
6 to  15 foo t ( 1 .8 2 - 4 .5 7  m ) s t r a tu m  in  o th e r  h a b ita t .  A d m itted ly , a ld e r  
w as th e  m o s t  im p o r ta n t  sh ru b  in  th e  6 to  15 fe e t  (1. 82 -4 . 57 m) s t r a tu m  
and  th e  canopy  of th is  t a l l  sh ru b  o ccup ied  the  u p p e r  one h a lf  to  one 
t h i r d  of th e  s t r a tu m ,  but s e r v i c e b e r r y  (A m e la n c h ie r  a ln i f o l i a ) ,
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D oug las  h a w th o rn ,  w illow (S a lix  s p p . ) ,  and  c an o p ie s  of the  few 1 to  3 
in c h  (2, 5 - 7 .6  cm ) DBH a s p e n  te n d e d  to  f i l l  the  lo w e r  p o r t io n s  of the  
6 to  15 fe e t  ( 1 .8 2 - 4 .5 7  m ) s t r a tu m .  As a  r e s u l t  of th e  s t r u c tu r a l  
a r r a n g e m e n t ,  m a le  g ro u s e  had  g r e a t e r  o v e rh e a d  v is ib i l i ty ,  but e ffe c ­
t iv e  c o v e r  f o r  r a p t o r s  o c c u r r e d  a t  15 fe e t  (4. 57 m) a t  d ru m m in g  logs 
c o m p a re d  to  6 f e e t  a t  o th e r  h a b i ta t s .  T h is  m o r e  open n a tu re  of 
th e  h a b i ta t  a t  d ru m m in g  logs  gave  the  g ro u se  g r e a t e r  v i s ib i l i ty  but 
s t i l l  p ro v id e d  a d e q u a te  e sc a p e  c o v e r .  G ullion ^  (1962) a l s o  no ted
the  im p o r ta n c e  of v i s ib i l i ty  in  th e  lo ca tio n  of d ru m m in g  logs , but 
th ey  in d ic a te d  th a t  70 p e rc e n t  of th e  logs w e re  in  sh ru b b y  c o v e r  w ith  
no o v e rh e a d  canopy , a t  the  f o r e s t  edge, o r  in  s ta n d s  w ith  l e s s  th an  
60 p e r c e n t  c ro w n  c lo s u r e .  A t L u b re c h t  E x p e r im e n ta l  F o r e s t ,  som e  
log s  w e re  lo c a te d  a t  th e  f o r e s t  edge, but co n ife ro u s  canopy c o v e r  
above  15 fe e t  (4. 57 m) a v e r a g e d  52 p e rc e n t ,  and  60 p e rc e n t  of th e  logs 
had  o v e r  60 p e r c e n t  fo liage  c o v e r  in  the  u p p e r  s t r a t a .  S e lec tion  of 
d ru m m in g  logs  in  the  v ic in i ty  of c o n ife r s  lo c a te d  in  r i p a r i a n  v e g e ta ­
t io n  when r i p a r i a n  a r e a s  la c k in g  c o n i f e r s  o c c u r r e d  w as of im p o r ta n c e .  
In th e  v ic in i ty  of th e  d ru m m in g  log, the  d en se  r i p a r i a n  grow th  o ffe red  
e s c a p e  c o v e r  a b s e n t  u n d e r  p u re  c o n if e r s  w hile  th e  shad ing  of s ing le  
c o n if e r s  l im i te d  sh ru b  g ro w th  and  fo liag e  c o v e r .  T h u s , d ru m m in g  
log s  w e re  lo c a te d  w h e re  low e s c a p e  c o v e r  and  v is ib i l i ty  a r e  o p t im ized .
T o  e m p h a s iz e  th e  im p o r ta n c e  of v e r t i c a l  h a b ita t  s t r u c tu r e  to  log 
s e le c t io n ,  c o n s id e r a t io n  of in d iv id u a l  d ru m m in g  logs w as n e c e s s a r y .
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T h e  d ru m m in g  s ta g e  on the  p r i m a r y  log of b i r d  E L  w as about 9 in ch es  
(2 2 .9  cm ) f r o m  the  g roun d . T he  a v e r a g e  h e igh t of the  su r ro u n d in g  
s h ru b s  w as  24 in c h e s  (6 1 .0  cm ), but only 5 p e rc e n t  sh ru b  fo liag e  
o c c u r r e d  in  th e  18 to  24 inch  (45 .7 -6 -1 .0  cm) VHZ. Only 2 p e rc e n t  
of th e  sh ru b  fo l ia g e  c o v e r  w as lo c a te d  in  the  24 to  30 inch  (6 1 .0 -7 6 .  2 
cm) VHZ. T h e  r e m a in d e r  of th e  v e g e ta t io n  w as 18 in ch es  in  heigh t, 
giving th e  12 in ch  (3 0 .5  cm) g ro u s e  v is ib i l i ty  o v e r  the  top  of m o s t  of 
th e  v e g e ta t io n .  T he  m o r e  open n a tu r e  of su r ro u n d in g  sh ru b s  and  th e i r  
h e ig h t in  r e l a t io n  to  the  d ru m m in g  s ta g e  a s  w e ll  a s  th e  in c r e a s e d  
he igh t of th e  o v e r s to r y  canopy  c o m b in ed  to  i n c r e a s e  th e  g r o u s e 's  
f ie ld  of v iew  a t  d ru m m in g  logs ( F ig u re s  11 and 12).
N ight r o o s t s  and  day  r o o s t s  w e re  g e n e ra l ly  s im i l a r  in  the  s t r u c ­
t u r a l  c h a r a c t e r i s t i c s  of s h ru b s ,  g r a s s ,  h e rb s ,  and  l i t t e r  in  the  th r e e  
o u te r  r in g s ,  a lthough  so m e  d i f f e re n c e s  could  be d is c e r n e d .  H e rb s  
in  th e  o u te r  t h r e e  r in g s  of day  r o o s t s  w e re  both t a l l e r  and  g r e a t e r  in 
fo l ia g e  c o v e ra g e  th an  h e r b s  a t  n ight r o o s t s .  D if fe re n c e s  in the  to ta l  
fo l ia g e  c o v e r  in  th e  u p p e r  t h r e e  s t r a t a  w e re  a ls o  a p p a re n t .  In the  6 to  
15 f e e t  ( 1 .8 2 - 4 .5 7  m ) s t r a tu m ,  fo liag e  c o v e ra g e  a t  day r o o s t s  w as 
20 p e r c e n t  g r e a t e r  th a n  a t  n igh t r o o s t s ,  bu t in  the  u p p e r  s t r a tu m ,  
n igh t r o o s t s  h ad  te n  p e r c e n t  g r e a t e r  io l i a g e  c o v e r  when c o m p a re d  to  
day  r o o s t s .  P e r h a p s  th e  m o s t  no tab le  d i f fe re n c e  be tw een  n ight and  
day  ro o s ts  o c c u r r e d  in the  c e n te r  c i r c l e  w h e re  th e  a v e ra g e  lo w er le v e l  
of th e  low s h ru b  fo l ia g e  w as 6 in ch e s  (1 5 .2  cm) a t  day r o o s t s  but a t
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F ig u r e  11. The r e la t io n s h ip  be tw een  the  top  of the  sh ru b  c row n s 
(m a rk e d  w ith a r ro w s )  and  the  d ru m m in g  s tag e  of B ird  
E L 's  p r i m a r y  log.
F ig u r e  12. T he r e la t io n s h ip  b e tw een  the  top of the  sh ru b  c row ns
(m a rk e d  w ith  a r r o w s )  and  the  d ru m m in g  s tag e  of B ird  S' 
p r i m a r y  log.
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g ro u n d  le v e l  a t  n ig h t r o o s t s .  A dd itiona lly , fo l iag e  c o v e r  of sh ru b s  
in  th e  c e n t e r  c i r c l e  a t  day r o o s t s  w as  30, 6 p e rc e n t  a s  c o m p a re d  to  
15 p e r c e n t  a t  n igh t r o o s t s  (F ig u re  10).
T h e  d i f f e r e n c e s  b e tw een  the  h a b i ta t  a t  n ight and  day r o o s t s  
w e re  im p o r ta n t  when a v ia n  p r e d a t io n  w as c o n s id e re d .  G r e a t e r  
o v e ra l l  fo l ia g e  c o v e r  in  the  o v e r  s to r y  and  low sh ru b  s t r a t a  of the  
c e n te r  c i r c l e  a s  w e ll  a s  the  r a i s e d  lo w e r  canopy  c e i l in g  in  th e  low er 
sh ru b  s t r a tu m  a llow ing  f r e e  m o v e m e n t  u n d e r  c o n ce a lm e n t  of the  sh ru b  
canopy  in d ic a te d  th a t  day r o o s t s  p rov id ing  m o re  e sc a p e  c o v e r  w e re  
s e le c te d .  Such s e c u r i ty  w as a p p a re n t ly  not n eed ed  fo r  n igh t r o o s t s .
H a b i ta t  s t r u c t u r e  a t  n ig h t-d a y  r o o s t s  w as an  in te r e s t in g  c o m b i­
n a tio n  of r o o s t  c h a r a c t e r i s t i c s .  In th e  s t r a tu m  above 15 fe e t  (4. 57 m) 
fo l iag e  c o v e r  w as s i m i l a r  to  th a t  a t  n ight r o o s t s ,  but in  the  6 to  15 
f e e t  (1, 8 2 -4 .  57 m) s t r a tu m  fo liage  c o v e r  is  in te r m e d ia te  to th a t  of 
n ig h t a n d  day  r o o s t s ,  and  in  the  3 to  6 fe e t  ( .91  to  1. 82 m) s t r a tu m  
fo l ia g e  c o v e r  a t  n ig h t-d a y  r o o s t s  w as s l igh tly  l e s s  th an  a t  o th e r  
r o o s t s .  T h e  g e n e r a l  e ffec t  of o v e r  s to r y  fo liag e  c o v e r  m o re  c lo se ly  
r e s e m b le d  th a t  of day  r o o s t s .  S im i la r ly ,  sh ru b  fo liage  a t  n ig h t-d a y  
r o o s t s  in  the  low sh ru b  s t r a tu m  w as g r e a t e r  th an  a t  h a b i ta t  u se d  fo r  
o th e r  a c t iv i t ie s  in  th e  o u te r  t h r e e  r in g s .  T he  c e n te r  r in g  of n ig h t-d a y  
r o o s t s  show ed  a  m a r k e d  r e d u c t io n  in  low sh ru b  fo liage  co v e r  when 
c o m p a r e d  w ith  the  o u te r  r in g s  which w as s i m i l a r  to  th a t  o b se rv e d  a t  
n ig h t r o o s t s .  T he b o tto m  of low sh ru b  fo l iag e  in  th is  s t r a tu m  w as
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r a i s e d  a s  w as  th e  c o m p a ra b le  s t r a tu m  in  the  c e n te r  c i r c l e  of day 
r o o s t s  (F ig u re  10).
In t e r m s  of h a b i ta t  s e le c t io n ,  n ig h t-d a y  r o o s t s  w e re  a l s o  unique 
b e c a u s e  th e  n ig h t -d a y  ro o s t in g  p a t t e r n  o c c u r r e d  in  con junc tio n  w ith  
co ld , w et w e a th e r  c o n d it io n s .  The f a i r l y  e x te n s iv e  d e v e lo p m en t  of the  
o v e r  s to r y  a s  w e ll  a s  th e  h e a v ie r  sh ru b  fo liag e  c o v e r  in  the  low s t r a tu m  
w hich  w as f a i r l y  co n tinuous w ith  th e  m id - s h r u b  s t r a tu m  p ro v id e d  good 
p ro te c t io n  a g a in s t  the  e ffe c ts  of in c le m e n t  w e a th e r .  T he  low fo liage  
c o v e r  a n d  r a i s e d  lo w e r  l e v e l  of low sh ru b  fo liage  in  the  c e n te r  r in g  
p ro v id e d  p ro te c t io n  d u r in g  in c le m e n t  w e a th e r ,  a  d e g re e  of v is ib i l i ty ,  
and  a  m e a n s  of e s c a p e  (F ig u r e  10).
T he  s t r u c tu r e  of h a b i ta t  u s e d  fo r  m is c e l la n e o u s  a c t iv i t ie s  w as 
so m e w h a t  s i m i l a r  to  h a b i ta t  u s e d  fo r  ro o s t in g  d u r in g  day ligh t  h o u rs ,  
bu t s i m i l a r i t i e s  to  n igh t r o o s t s  w e re  a l s o  no ted . T o ta l  fo l iag e  c o v e r  
in  th e  s t r a t u m  above  15 fe e t  (4. 57 m) was 8 to  20 p e rc e n t  g r e a t e r  th an  
th a t  a t  a l l  r o o s t s  w hile  in  th e  6 to  15 fe e t  (1. 8 2 -4 . 57 m) s t r a tu m  to ta l  
fo l ia g e  c o v e r  w as s i m i l a r  to  th a t  a t  both  n ig h t-d a y  and  day r o o s t s  and 
g r e a t e r  th a n  th a t  a t  n igh t r o o s t s .  T he  3 to  6 f e e t  (. 9 1 -1 .  82 m) 
s t r a t u m  a t  m is c e l l a n e o u s  h a b i ta t  w as s i m i l a r  in  fo liage  c o v e r  to  th a t  
of a l l  c a t e g o r ie s  of r o o s t s ;  but, in  th e  low sh ru b  s t r a tu m  m is c e l l a n e ­
ous h a b i ta t  w as d is t in c t iv e  in  c o m p a r is o n  to  r o o s t  h a b ita t .  The lo w e r  
l im i t  of low sh ru b  c o rw n s  in  th e  c e n te r  c i r c l e  w as r a i s e d  in  a m a n n e r  
s i m i l a r  to  th a t  of d ru m m in g  lo g s ,  n ig h t-d a y  r o o s t s ,  and  day  r o o s t s
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( F ig u r e  10). In a d d it io n ,  th e  top  of th e  low sh ru b  s t r a tu m  in the  3 and 
5 f e e t  ( .9 1  a n d  1 .6  m) r in g s  w as lo w e re d  to  30 in c h e s  (7 6 .2  cm) m o r e  
c lo s e ly  r e s e m b l in g  th e  o u te r  r in g s  a t  d ru m m in g  lo g s .
S ince  m is c e l l a n e o u s  h a b i ta t  w as s e p a r a te d  f r o m  o th e r  h a b ita t  
by th e  f a c t  th a t  the  g ro u s e  w e re  not s t a t io n a r y  fo r  two s u c c e s s iv e  t r i ­
a n g u la t io n s ,  m is c e l la n e o u s  h a b i ta t  w as  u s e d  when th e  b i r d s  w e re  
a c t iv e ly  m o v ing  a b o u t.  S e v e ra l  ty p es  of a c t iv i ty  could  be su g g es ted , 
but one of th e  m o r e  lo g ic a l  w as feed in g . S im ply  m oving  to  a  m o re  
s e c u r e  r o o s t  s i te ,  seek in g  a  c o o le r ,  w a r m e r ,  o r  d r i e r  a r e a  w e re  
a l s o  p o s s ib le  a c t iv i t i e s  o c c u r r in g  in  th i s  h a b ita t .
T e r r i t o r i a l  m a le  R uffed  G ro u s e  w e re  m o s t  v u ln e ra b le  to  p r e d a ­
t io n  d u r in g  th e  d ru m m in g  s e a s o n ,  p a r t i c u l a r ly  w hile  m oving  to  and 
f r o m  th e  p r i m a r y  d ru m m in g  log and  d u r in g  o th e r  p e r io d s  of a c t iv i ty  
(G ullion  a n d  M a r s h a l l  1 9 6 8 ). If feed ing  w as c o n s id e re d  the  m a jo r  
a c t iv i ty  in  m is c e l la n e o u s  h a b ita t ,  th e  b i rd s  w e re  f a i r l y  v u ln e ra b le  
b e c a u s e  th e y  w e re  not in  a s  good a  p o s i t io n  to d e te c t  d a n g e r  a s  when 
th e y  w e r e  on t h e i r  d ru m m in g  lo g s .
In c o m p a r is o n  to  d ru m m in g  b i r d s  h o w ev er ,  a c t iv e ly  feed ing  o r  
m ov ing  b i r d s  w e re  p ro b a b ly  m o r e  a l e r t  and  t h e i r  lo ca tio n  on the  
g ro u n d  w h e re  o v e rh e a d  c o v e r  w as m a x im iz e d  p ro b a b ly  c o m p e n sa te d  
fo r  th e  m o r e  l im i te d  v i s ib i l i ty .  T he  r a i s e d  lo w e r  l im i t  of sh ru b  
c ro w n s  and  g r e a t e r  low sh ru b  fo l ia g e  c o v e r  c o m p a re d  to  th a t  n e a r  
th e  d ru m m in g  lo g s  w as in d ic a t iv e  of the  n eed  fo r  g r e a t e r  s e c u r i ty .
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T h u s ,  a l th o u g h  th e  s t r u c tu r e  of m is c e l la n e o u s  h a b ita t  r e s t r i c t e d  the  
g r o u s e ’s a b i l i ty  to  d e te c t  a v ia n  p r e d a t o r s ,  it  a l s o  p ro v id e d  m o re  
a r e a s  in  w h ich  th e  c ry p t i c a l ly  c o lo re d  g ro u se  w as d iff icu lt  fo r  the  
p r e d a t o r s  to  d e te c t .
F r o m  the  above d i s c u s s io n ,  one b a s ic  c o n c lu s io n  cou ld  be 
d raw n ; d iv e r s i ty  of p la n t  s p e c ie s  and  h a b ita t  s t r u c tu r e ,  both h o r i ­
z o n ta l  a n d  v e r t i c a l ,  would p ro b a b ly  be  the  key  f a c to r  in  th e  m a n a g e ­
m e n t  of good h a b i ta t  fo r  t e r r i t o r i a l  m a le  R uffed  G ro u s e .  Such d i v e r ­
s i ty  would i n s u r e  th a t  a d e q u a te  c o v e r  d u r in g  a l l  of h is  da ily  a c t iv i t ie s  
w as p ro v id e d  in  a  f a i r l y  s m a l l  a r e a .  T h u s ,  long m o v e m e n ts  f r o m  the 
h a b i ta t  r e q u i r e d  f o r  e a c h  of th e  b i r d ' s  d a ily  a c t iv i t ie s  would be av o ided  
re d u c in g  th e  b i r d ’ s v u ln e r a b i l i ty  to  p re d a t io n .
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RECOM M ENDATIONS
U n fo r tu n a te ly ,  the  s m a l l  s a m p le  s iz e  and  r e l a t iv e ly  s m a l l  n u m ­
b e r  of t e r r i t o r i a l  m a le s  lo c a te d  d u r in g  th is  s tudy  d id  not in s t i l l  con fi­
den ce  in  e i t h e r  g e n e r a l i z a t io n s  o r  th e  l a s t  w o rd  in  m a n a g e m e n t  r e c o m ­
m e n d a t io n s ,  A n u m b e r  of q u e s t io n s  w e re ,  h o w ev er ,  p o se d  by th is  
s tudy  w hich  o ffe r  good p o te n t ia l  fo r  fu tu re  r e s e a r c h  in to  f a c to r s  a f f e c t ­
ing  the  h a b ita t ,  b e h a v io r ,  and  s u r v iv a l  of t e r r i t o r i a l  m a le  R uffed 
G ro u s e .  T e n ta t iv e  m a n a g e m e n t  re c o m m e n d a t io n s  c o n ce rn in g  t e r r i ­
t o r i a l  m a le  R uffed  G ro u s e  h a b i ta t  cou ld  a l s o  be m a d e .
R e s e a r c h  N eeds
1. An in te n s iv e  e f fo r t  to  lo c a te  a s  m an y  d ru m m in g  logs on the  
L u b re c h t  E x p e r im e n ta l  F o r e s t  a s  w e ll  a s  c a p tu re  and  m a r k  the  m a le  
g ro u s e  u s in g  th e s e  logs shou ld  be con ducted  b e fo re  the  r e s u l t s  of th is  
and  fu tu r e  s tu d ie s  can  be i n t e r p r e t e d  in  t e r m s  of th e  in f lu en ce  of 
h a b i ta t  on s u rv iv a l  of t e r r i t o r i a l  m a le  R uffed  G ro u se .
2. T he  in f lu e n ce  of r a p t o r  p re d a t io n ,  sp e c i f ic a l ly  by  G oshaw ks, 
on s u r v iv a l  of m a le s  s e le c t in g  d ru m m in g  logs u n d e r  co n ife ro u s  f o r e s t s  
a s  o pp o sed  to  r i p a r i a n  h a b i ta t  shou ld  be in v e s t ig a te d  in  d e ta i l .
3. T he  in f lu e n ce  of g ra z in g  c a t t le ,  and  o th e r  h e rb iv o r e s ,  on 
both  th e  b e h a v io r a l  m o v e m e n t  p a t t e r n s  of t e r r i t o r i a l  m a le  Ruffed 
G ro u s e  an d  on g ro u s e  h a b i ta t  shou ld  be in v e s t ig a te d  in  a  c a re fu l ly  
d e s ig n e d ,  c o n t ro l le d  e x p e r im e n t .
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4 , R e f in e m e n t  of the  sa m p lin g  s y s te m  u s e d  fo r  th is  s tudy  
w ould  re d u c e  th e  len g th  of t im e  r e q u i r e d  to  s a m p le  the  s t r u c tu r e  of 
t e r r i t o r i a l  m a le  R uffed  G ro u se  h a b ita t .  One a l t e r n a t iv e  to  the  s y s te m  
I u se d ,  would be a  l ine  in te r c e p t  s y s te m  w hich  would f a c i l i t a te  c o n ­
c u r r e n t  v e r t i c a l  m e a s u r e m e n t s .  T h is  cou ld  be a c c o m p l is h e d  by 
c o n s t ru c t in g  a f r a m e  of e i th e r  wood o r  m e ta l  s i m i l a r  to  a  point 
f r a m e .  T he  f r a m e  would be 50 c m  long w ith  11, 1 m  ro d s  sp a ce d  5 cm  
i n te r v a l s  p e rp e n d ic u la r  to  th e  f r a m e .  E ach  1 m  ro d  cou ld  be pa in ted  
a l t e rn a t in g  c o lo r s  e v e ry  1 6 .6  c m  (6 .5  inches)  fo r  e s t im a t in g  u p p e r  
and  lo w e r  fo l ia g e  h e ig h t  l im i t s ,  V H Z ’s .  E ach  s p a c e  be tw een  ro d s  
w ould eq u a l te n  p e r c e n t  c o v e r .  T he  f r a m e  cou ld  be lo c a te d  in  the  
s a m e  m a n n e r  th a t  q u a d ra ts  w e re  lo c a te d  in  th e  s tudy  ju s t  c o m p le te d .  
A d d it io n a l  m o d if ic a t io n s ,  th a t  s e e m e d  a p p ro p r ia te ,  would be to  
len g th en  e a c h  of th e  o r ie n t in g  t r a n s e c t s  to  13 m , th e  r a d iu s  of a  50 m ^  
c i r c l e  (Boag and  Sum anik  1969), sp ac in g  t h r e e  50 c m  l in e  in te r c e p t  
f r a m e  s a m p le s  even ly  a long e ac h  t r a n s e c t ,  o r  adding  an  a d d it io n a l  
l ine  in te r c e p t  f r a m e  s a m p le  a t  13 m  on each  t r a n s e c t  c re a t in g  a  fo u r th  
o u te r  r in g .  W ith  the  e x ce p tio n  of s a m p lin g  condu cted  a t  d ru m m in g  
lo g s ,  o v e r la p p in g  v e g e ta t io n  shou ld  not be c o n s id e re d .  A dditiona lly , 
in te n s iv e  s t r u c t u r a l  sa m p lin g  shou ld  be l im i te d  to  the sh ru b  l a y e r .
T a l l  fo rb s  p r o je c t in g  in to  th is  l a y e r  a s  w e ll  a s  t r e e  se ed l in g s  o c c u r ­
r in g  in  th is  l a y e r  shou ld  be sa m p le d  in  d e ta i l  but kep t s e p a r a te  fo r  
p u r p o s e s  of a n a ly s i s .  G r a s s e s ,  low h e rb s  ( le s s  th an  3 3 .2  cm  o r
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13 in ch e s )  and  l i t t e r  shou ld  be^ r e c o r d e d  s im p ly  a s  p e rc e n t  c o v e r  by 
v e g e ta t io n  c l a s s .  T h u s ,  th e  a l t e r n a t iv e  s y s te m  would f a c i l i t a te  m o r e  
r a p id  d e ta i l e d  sa m p lin g  of bo th  v e r t i c a l  and h o r iz o n ta l  s t r u c tu r e  and  
l im i t  d e ta i l e d  sa m p lin g  to  th e  sh ru b  l a y e r  w hich  o ffe re d  the  g r e a t e s t  
p o te n t ia l  fo r  m ea n in g fu l  a n a ly s i s ,
5. T he  im p o r ta n c e  of th e  e ffec t iv e  h e ig h t of v e g e ta t io n  s u r ­
round ing  d ru m m in g  logs in  r e l a t io n  to  the  he igh t of the  d ru m m in g  
s ta g e  shou ld  be e x am in e d  in  m o r e  d e ta i l .  T h is  cou ld  be a c c o m p l ish e d  
by p lac in g  a  b r ig h t ly  c o lo re d  7 . 5 c m  (3 inch) r u b b e r  b a l l  on a  p la t fo rm  
2 2 .9  c m  (9 in ch e s )  above  th e  d ru m m in g  s ta g e .  T he p e rc e n t  v is ib i l i ty  
of th e  b a l l  f r o m  the  end of e ac h  13 m  t r a n s e c t  in  r e la t io n  to  the  
e ffe c t iv e  h e igh t  of the  sh ru b  l a y e r  cou ld  th en  be d e te rm in e d .
M an ag e m en t  R e co m m e n d a tio n s
1, R ip a r i a n  c o m m u n i t ie s  should  be p ro te c te d  f r o m  m a jo r  m o d i­
f ic a t io n s  such  a s  h ighw ay o r  ro a d  c o n s t ru c t io n ,  m a jo r  t im b e r  h a r v e s t ­
ing, a g r i c u l t u r a l  c le a r in g ,  and  su b d iv is io n .  T h is  and  o th e r  s tu d ie s  
in d ic a te d  th a t  r i p a r i a n  c o m m u n i t ie s  w e re  e s s e n t ia l  h a b ita t  fo r  t e r r i ­
t o r i a l  m a le  R uffed  G ro u s e  s u rv iv a l .
2. In a r e a s  hav ing  r i p a r i a n  v e g e ta t io n  lo c a te d  in  c a t t le  a l l o t ­
m e n ts ,  th e  r i p a r i a n  a r e a s  a lon g  s t r e a m  s id e s  should  be fen ced  off 
f o r  e i t h e r  d e f e r r e d  g ra z in g  o r  a  p e r io d  of c o m p le te  r e s t .  T he a r e a s  
shou ld  be d e f e r r e d  o r  r e s t e d  fo r  tw o r e a s o n s :  a) in  th e  e a r ly  sp r in g
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th e  g ro u n d  co u ld  be to o  w et fo r  g ra z in g  w ithou t c r e a t in g  h u m m o c k s  in  
th e  so i l ;  a n d  b) in  a r e a s  hav ing  sh ru b  s p e c ie s  p a la ta b le  to  c a t t le ,  c a t t le  
g ra z in g  co u ld  be p re v e n t in g  s u c c e s s io n  to  a sh ru b  and  p o s s ib ly  a  
r i p a r i a n  o r  f o r e s t  c o m m u n ity .  A s y s te m  of d e f e r r e d ,  f l a s h  g ra z in g  
would not only p r e v e n t  both  d i s tu r b a n c e  of d ru m m in g  g ro u s e  d u r in g  
th e  m a t in g  s e a s o n  a n d  so i l  d a m a g e ,  but a l s o  would a llow  a s h o r t  h eavy  
p e r io d  of g r a z in g  an d  b ro w s in g  of th e  th ic k e ts  th e re b y  p ro m o tin g  and  
m a in ta in in g  the  h o r i z o n ta l  and  v e r t i c a l  d iv e r s i ty .  On the  o th e r  hand, 
a p e r io d  of e x te n d e d  r e s t  in  m e s ic  a r e a s  be ing  m a in ta in e d  a s  a  g r a s s -  
sh ru b  m e a d o w s  by g ra z in g  shou ld  r e s u l t  in  a s e r a i  sh ru b  c o m m u n ity  
o ffe r in g  g r e a t e r  p o te n t ia l  f o r  R uffed  G ro u se  h a b i ta t  th an  the  p r e s e n t  
p la n t  c o m m u n i ty .
3. S ince  d ru m m in g  lo gs  w e re  often  a s s o c i a t e d  w ith  m a tu r e  
c o n i f e r s  and  th e  r e s u l t in g  d e c l in e  in  sh ru b  c o v e r ,  lo w e r  c ro w n  h e igh t 
of low s h r u b s ,  and  d isc o n tin u o u s  v e r t i c a l  s t r u c tu r e  u n d e r  s in g le  o r  
f a i r l y  s p a r s e  m a tu r e  c o n i f e r s ,  s m a l l  p a tc h e s  of c o n if e r s  rang ing  
f r o m  1 / 4  to  10 a c r e s  (.1 to  4 . 0 ha) n e a r  r i p a r i a n  v e g e ta t io n  could  be 
cu t, u s in g  s e e d  t r e e  r e p r o d u c t io n  m e th o d s .  V a ry in g  both  the  s iz e  of 
th e  c u ts  and  d e n s i ty  of s e e d  t r e e s  w ould  p ro v id e  an  e x c e l le n t  o p p o r ­
tu n i ty  to  in v e s t ig a te  th e  in f lu e n c e  of th e s e  tw o f a c to r s  on h a b ita t  
s e le c t io n  by R uffed  G ro u s e  o v e r  a  p e r io d  of t im e .  L o ca tin g  such  
c u ts  in  th e  v ic in i ty  of known g ro u s e  h a b i ta t  shou ld  i n c r e a s e  p o te n t ia l  
u s e  of t r e a t e d  a r e a s  by g r o u s e .  T h e  in f lu e n ce  of c a t t l e  a s  a
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m a n a g e m e n t  to o l  on su c h  a r e a s  shou ld  a l s o  be c o n s id e re d  d u r in g  th e  
p lan n in g  s t a g e s  of any  c u t t in g s  fo r  the  sp e c if ic  p u rp o s e  of Ruffed 
G ro u s e  h a b i ta t  im p r o v e m e n t .
4 .  W hen s c a r c i t i e s  of a c c e p ta b le  h a b i ta t  e x is t ,  p lanned  m a n ip u ­
la t io n s  sho u ld  be c o n s e r v a t iv e  a n d  lo c a te d  in  a r e a s  w h e re  e x is t in g  
p la n t  s p e c ie s  d iv e r s i t y  p ro v id e s  good p o te n t ia l  fo r  o p t im u m  h o r iz o n ta l  
and  v e r t i c a l  d iv e r s i t y  a f t e r  t r e a tm e n t .
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SUMMARY
A study  w a s  c o n d u c ted  d u r in g  Ju n e  and  Ju ly  of 1975 on the  
L u b re c h t  E x p e r im e n ta l  F o r e s t  fo r  w hich  th e  p r i m a r y  o b jec tiv e  w as 
to  p ro v id e  a th o ro u g h  s t r u c t u r a l  c h a r a c t e r i z a t io n  of t e r r i t o r i a l  m a le  
R uffed  G ro u s e  h a b i ta t .  S e c o n d a ry  o b je c t iv e s  w e re  to  d e te rm in e  the  
r e l a t io n s h ip s  b e tw ee n  d a ily  m o v e m e n t  p a t t e r n s  and  w e a th e r ,  v e g e ta ­
t io n , to p o g ra p h y ,  c a t t le ,  and  p re d a t io n .  R a d io - t r a c k in g  te c h n iq u e s  
w e re  u s e d  to  m o n i to r  b i r d  m o v e m e n ts .  D uring  th e  m a jo r i ty  of the  
s tudy , t h r e e  b i r d s  w e r e  t r a c k e d .  S ta n d a rd  te c h n iq u e s  u se d  by f o r ­
e s t e r s  an d  e c o lo g is ts  w e re  em p lo y ed  a s  i s ,  o r  m o d if ied , fo r  v e g e ta ­
tio n  sa m p lin g  in  th is  s tudy .
T e r r i t o r i e s  of d ru m m in g  m a le  R uffed  G ro u s e  a v e ra g e d  2. 2 
a c r e s  (0. 89 h e c t a r e s ) .  M ale  g ro u se  o ften  r e m a in e d  on o r  n e a r  t h e i r  
d ru m m in g  lo g s  d u r in g  p e r io d s  of a c t iv e  d ru m m in g  w h e th e r  o r  not an  
in d iv id u a l  b i r d  w as  a c tu a l ly  p a r t i c ip a t in g  in  th e  d ru m m in g  a c t iv i ty .  
D u rin g  coo l w et w e a th e r  and  hot w e a th e r ,  day ro o s t in g  a l s o  r e s t r i c t e d  
b i r d  m o v e m e n ts .  A f te r  th e  c e s s a t io n  of d ru m m in g ,  b i rd  a c t iv i t ie s  
w e re  no lo n g e r  c o n s t r i c t e d  a ro u n d  t h e i r  d ru m m in g  logs and  lo n g e r  
m o v e m e n ts  w e r e  r e c o r d e d .  On 1 J u ly  B ird  E L 's  t e r r i t o r y  c o v e re d
2. 16 a c r e s  (0, 87 h e c t a r e s ) ,  on 9 Ju ly  th e  h om e  ra n g e  c o v e re d  5 .1 7  
a c r e s  (2. 09 h e c t a r e s )  an d  on 31 Ju ly  th e  h om e  ra n g e  w as 9» 3 a c r e s  
(3 .7 6  h e c t a r e s ) .  T h e  i n c r e a s e  in  a r e a  o c cu p ied  by B ird  S w as not a s
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r a p id  o r  a s  g r e a t .  On 24 Ju ly  the  a r e a  w as s t i l l  1 .9 9  a c r e s  (0 .81 
h e c t a r e s ) ,  a n d  on 3 Ju ly  th e  h om e ra n g e  w as 2 .7 9  a c r e s  (1 .1 3  h e c ­
t a r e s ) .  T h u s ,  a t  th e  end  of the  s tudy  th e  a v e r a g e  ho m e  ra n g e  w as 
4 .8 4  a c r e s  (1 .9 6  h e c t a r e ) .
C o n s id e r in g  only p r im e  r i p a r i a n  h a b i ta t  w h e re  t e r r i t o r i a l  m a le  
R uffed  G ro u s e  w e re  p r e s e n t ,  th e  p o p u la tion  d e n s i ty  w as p r o je c te d  
to  4 5 .4 5  m a le s  p e r  100 a c r e s  o r  280. 88-m a le s  p e r  s q u a re  m ile  
(112 .3  m a le s  p e r  100 h e c t a r e s ) .  S ince  only: 16. 36 a c r e s  (6 .6 2  
h e c ta r e s )  of r i p a r i a n  v e g e ta t io n  w e re  found on th e  study a r e a ,  a 
d e n s i ty  of 11 m a le s  p e r  s q u a re  m ile  (4 .2  m a le s  p e r  100 h e c ta r e s )  
w as c o n s id e r e d  a  m o r e  r e p r e s e n ta t i v e  d e n s i ty  u n d e r  e x is t in g  v e g e ta l  
c o n d it io n s .
A s ig n i f ic a n t  r e d u c t io n  in  to ta l  m o v e m e n ts  m a d e  by B ird  L J  w as 
n o ted  fo llow ing  c a t t le  in v a s io n  of h is  t e r r i t o r y .  S im i la r  re d u c t io n s ,  
though  no t s ig n if ic a n t ,  w e re  n o ted  in to ta l  m o v e m e n ts  of B i rd s  E L  and
S. P o o le d  d a ta  f o r  a l l  t h r e e  b i r d s  in d ic a te d  a  s ig n if ic an t  re d u c t io n  in  
t o ta l  m o v e m e n ts  fo llow ing  c a t t l e  in v a s io n  of t h e i r  t e r r i t o r i e s .  T he  
r e d u c t io n  in  t o ta l  m o v e m e n ts ,  e x ten d ed  d ru m m in g  s e a s o n ,  and  a c t iv e  
d ru m m in g  by B i rd  E L  when c a t t l e  w e re  p r e s e n t  on h is  t e r r i t o r y  c o m ­
b ined  to  in d ic a te  th a t  m a le  R uffed  G ro u s e  r e s p o n d  to  c a t t le  in  a t e r r i ­
t o r i a l  m a n n e r .
T h e  f o u r  m a le  g ro u s e  t e r r i t o r i e s  w e r e  a l l  lo c a te d  w ith in  1 /2  
m i l e  ( 0 .8  km) of a n  a c t iv e  G oshaw k n e s t .  S u rv iv a l  of th e s e  b i rd s
108
in d ic a te d  th a t  th e  t e r r i t o r i e s  s tu d ie d  w e re  in  h igh  qua li ty  h a b i ta t  
w h ich  r e d u c e d  th e  a d v e r s e  e ffe c t  of G oshaw k p r e d a t io n  on su rv iv a l  
of th e  b i r d s .
S ig n if ic an t  d i f f e r e n c e s  in  the  s t r u c tu r e  of the  h a b i ta t  u s e d  by 
th e  g ro u s e  f o r  f iv e  c a t e g o r i e s  of a c t iv i ty ;  d ru m m in g ,  n igh t ro o s t in g ,  
day  r o o s t in g ,  n ig h t -d a y  ro o s t in g ,  and  m is c e l la n e o u s  a c t iv i ty  w e re  
found u s in g  d i s c r im in a n t  a n a ly s i s ,  p a i r e d  t - t e s t s ,  a n a ly s i s  of v a r i ­
a n c e  of both  t r e e  d e n s i ty  and  s h ru b  and  h e rb a c e o u s  c o v e r ,  and  a 
g ra p h ic  p o r t r a y a l  of h a b i ta t .  Only d i s c r im in a n t  a n a ly s i s  show ed 
s t a t i s t i c a l l y  c o n s i s t e n t  d i f f e r e n c e s  am o ng  h a b ita t  c a te g o r ie s .
A ro u n d  d ru m m in g  lo g s , h a b ita t  s t r u c t u r e  p ro v id ed  both  v i s i ­
b i l i ty  f o r  the  g ro u s e  and  s e c u r i ty  a g a in s t  d e te c t io n  by a v ia n  p r e d a to r s .  
C o n ife r  a n d  to ta l  d e n s i ty  in  th e  4 to  8 inch  (10-20  cm) d ia m e te r  c la s s  
w as g r e a t e s t  w h ile  low s h ru b  fo l ia g e  c o v e r  w as l e a s t  a t  d ru m m in g  
lo g s .  In the  u p p e r  th r e e  s t r a t a ,  3 to  6 fe e t  (. 9 1 - 1 * 83 m ), 6 to  15 
f e e t  (1. 83 -4 . 57 m) and  t a l l e r  th an  15 fe e t  (4. 57 m ), fo l iag e  c o v e r  w as 
g r e a t e s t  above  15 fe e t  (4. 57 m) a t  d ru m m in g  logs , but fo liage  c o v e r  
w as g r e a t e r  in  the  6 to  15 f e e t  (1. 8 3 -4 . 57 m) s t r a tu m  in  h ab ita t  u se d  
f o r  o th e r  a c t iv i t i e s .  Low s h ru b  fo l ia g e  a t  d ru m m in g  logs  was 6 to  1 2 
in c h e s  (15-30  cm ) t a l l e r  th a n  th e  d ru m m in g  s ta g e  and  fo l iag e  c o v e r  in  
the  u p p e r  6 in c h e s  (15 cm ) of th i s  s t r a tu m  w as  l e s s  th a n  10 p e rc e n t .  
S h ru b  fo l ia g e  in  the  low sh ru b  s t r a tu m  w as  not con tinuous w ith  fo l iag e  
in  th e  u p p e r  t h r e e  s t r a t a  a t  th e  d ru m m in g  lo g s .  In ad d it io n  fo liag e
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c o v e r  in  th e  zone  3 to  15 f e e t  (. 9 1 -4 .  57 m) above  th e  d ru m m in g  s tag e  
w as  l e s s  th a n  10 p e r c e n t .  Low sh ru b  fo l ia g e  o v e r - la p p in g  th e  d r u m ­
m in g  s ta g e  w as  a l s o  p r e s e n t  a t  m o s t  d ru m m in g  log s .
Low s h ru b  fo l ia g e  c o v e r  w as g r e a t e s t  a t  n ig h t-d a y  r o o s t s  w hich 
w e re  u s e d  d u r in g  th e  m o s t  s e v e r e  w e a th e r  co n d it io n s .  H a b ita t  u s e d  
d u r in g  the  day, d ru m m in g  lo g s ,  n ig h t-d a y  r o o s t s ,  day r o o s t s ,  and  
m is c e l l a n e o u s ,  c o n ta in e d  a r e a s  in  w hich  no s m a l l  s h ru b s  u n d e r  6 
in c h e s  (15 cm ) o c c u r r e d d .  T h e s e  a r e a s  s e r v e d  a s  e s c a p e  ro u te s  
f r e e  of low fo l ia g e  w hich  s t i l l  p ro v id e d  o v e rh e a d  fo l iag e  fo r  c o n c e a l ­
m e n t .
R e s e a r c h  n e e d s  and  m a n a g e m e n t  re c o m m e n d a t io n s  w e re  
a l s o  d i s c u s s e d .
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APPENDIX I 
FOODS OF RUFFED GROUSE
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Fam ily Genus Species Source
Aceraceae Acer Bump ^  ( 1947)
Betulaceae Betula I t
C aprifoliaceae Sy mphoric arpos II
Compositae Antennana II
Aster II
Hieracium II
So lidago II
T araxacum officinale Hungerford (1951)
Cornaceae Cornus Bump ^  al, (1947)
Cyperaceae Carex
Ericaceae Vaccinium I t  '
Fagaceae Fagus II
Gramineae G lycfria striata II
Poa
Leguminosae Trifolium repens M
Plantaginaceae Plantago I I
Polygonaceae P o ly g o n u m t l
Rum ex acetosella Hungerford ( 1951)
Poly podiac eae Bump al. ( 1947
Ranunculaceae Anemone t l
Ranunculus t l
Rosacea e Am elanchier II
Crataegus II
Fragaria II
Geum »t
Geum m icrophyllum Hungerford ( 1951)
Holodiscus discolor
Prunus Bump et  ̂a^. ( 1947)
Physocarpus malvaceus Hungerford ( 1951)
Rubus Bump et al. (1947)
Rubiaceae Galium II
Salic ac eae Populus I t
Salix II
Saxifragaceae II
Vitae eae
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APPENDIX II 
USE OF DATA SHEETS AND COMPUTER CODES
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The first data sheet (Figure 1) listed overstory species including ta ll shrubs, conifers, and 
deciduous species. Space was provided to record the num ber of stems for each species by diam eter 
classes. The card also provided space for the horizontal and vertical analysis of the quadrat located 
at the theoretical bird location . The sheet contained sufficient space to list each plant species 
occurring on the plot.
The second card (Figure 2) was designed to  provide space for data collection on quadrats 
located  along each transect in the three outer rings. T he VHZ of each class of vegetation, as well 
as litter, could be recorded on the data sheet. When a VHZ was thicker than six inchps, the  VHZ's 
cover value was placed in a c irc le  denoting the upper and lower foliage lim its. Several different 
VHZ's in one vegeta tive class could also be recorded on the data sheet. Overlapping VHZ's were 
also recorded.
When a portion of a VHZ was beneath a higher VHZ, a cover value of the overlapped segment 
of the lower zone was determ ined. The to tal cover value of the loiyer VHZ was recorded firsts then 
followed by a slash and the cover value of the overlapped portion. An arrow was drawn from the lower 
VHZ to the overlapping one. Since the upper three strata did not appear to be as important to the 
birds as lower two strata, the detailed  analysis described above wes lim ited  to the lowest 36 inches 
( .9 1  m ) of vegetation.
Data from the field  cards was recorded on m agnetic com puter tape for la te r analysis. This 
required separate codes to identify the vegetal or ground cover class, the VHZ, and the type of 
overlap^ if any, found on each quadrat. The vegetal and ground cover codes were as follows:
B (bare m ineral soil), M (moss and lichens), W (water), T (tree or shrub trunk greater than 1 inch 
at ground level), C (Coniferous tree)^ D (Deciduous tree). A series of symbols placed within a data 
set indicated  overlapping VHZ's occurring on a quadrat, A ( ) indicated that the data preceding the 
parenthesis was overlapped by the data within the parenthesis. A , separating data within a parenthesis 
indicated th a t the data preceding the parentheses was overlapped by each datum within the parenthe­
ses. A /  w ithin a parenthesis indicated a m ultiple overlapping situation. In multiple-overlap^ the 
datum preceding was overlapped by the first datum within the parenthesis which was overlapped by 
the datum  following the slash and so on until the parenthesis was closed. Since a quadrat could 
contain 40 percent grass overlapped by ten percent shrub e tc . ,  the percentage overlapped was 
separated from the rest of the datum  to sim plify programming. The following hypothetical data 
set w ill best illustrate the m anner in which data files were constructed.
L00020 T00030 M00050 G01030 G0l020( 502010^ $03010)
S02030 H01015(H03005/S04010)H22015 D23050 C240S0.
In each data group, the le tte r  indicates the vegetal class, the first two numbers indicate the VHZ, and
the last th ree numbers denote the percent coverage of the VHZ. Note the two entries beginning with
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COI which show that only 20 percent of the 50 percent grass was overlapped. A sim ilar condition 
exists for two S02 entries. In addition, HOl is overlapped by H03 which is overlapped by S04, The 
hypothetical data represents a single quadrat.
TERRITORIAL MALE RUFFED GROUSE DATA SHEET 
D a te ________  T im e_________ Plot________  Bird_________
OVERSTORY
Di a. cm Potre Alin Psmc Pipo Laoc Other
lQ-22_ _
J23-40
41-76
>  76
Litter Grass Herb Shrub
> 4 .5 7  m  
4 57 m 
1,82 m 
91 cm 
76 cm. 
61 cm  
46 cm 
31 cm 
15 cm 
0
T otal
Open
Species List
Figure 1. (above). Overstory density plot species list and p lo t 
center data  sheet.
Figure 2. (Right). Transect plot structure data  sheet.
Litter Grass' Herb Shrub Open
> 4 .5 7  m  
4. 57 m
1.82 m 
91 cm 
76 cm 
61 cm 
46 cm  
31 cm 
15 cm
0
Total
> 4 .5 7  m 
4, 57 m
1.82 m 
91 cm 
76 cm 
61 cm 
46 cm 
31 cm
15 cm 
0
T otal
> 4 .57  m 
4 .5 7  m
1.82 m
91 cm 
76 cm 
61 cm 
46 cm 
31 cm  
15 cm
0
T otal
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APPENDIX n i 
DAILY WEATHER AND DRUMMING PERIODS
Periods of active drumming anywhere on the study area and the daily weather conditions r̂e shown on this table.
Date Overnight
Low
0700
Tem p
High
Tem p
T im e of 
High
2130
Tem p
Ppt
Cm
Tim e of 
Ppt
Drumming
4 Jun 3 .3 7 .8 17.8 1630 16. 1 T 0800
5 Jun 6. 1 7 .8 23 .0 1330 14.4
8 Jun 2 ,8 5 .0 17.8 1500 9 .2
9 Jun 4 .4 4 .4 17.2 1300 89.03 1700
10 Jun -0 .6 0.03 22.2 16-1800 12.8 Evening
11 Jun 1.7 1.9 2 5 .0 1800 16.7 Morning
12 Jun 2 .8 3 .3 25 .8 1630 16.7
15 Jun 12.8 12.8 20.3 1900 15.6
16 Jun 2 .2 2 .2 17.2 1600 8.9 Evening
17 Jun -0 .6 0 .03 18.9 1600 10.3 \ Morning
18 Jun 7 .5 8 .9 13.6 1400 8.9 1.47
19 Jun 7 ,2 ' 7 .2 9 .4 1600 8.3 1.47 1745
20 Jun 6 .4 6 .4 16. 1 1700 10.3 0 .81 0815 Evening
21 Jun 4 .4 5 .0 20.3 14-1630 10.0 0.08 0630 Morning
22 Jun 3 .3 4 .4 22.2 15-1600 12.2 0 .18 0700
23 Jun 3 ,9 5 .0 23.3 1400 12.2 1.02 1710
24Xun 7 .2 8 .9 23 .6 1730 13.3 Morning
25 Xun 7 .5 8 .9 16.9 1300 10.3 .03 0800 Evening
26 Jun 1.43 4 .4 16.7 1400 7.2 T 1700 Morning
27 Jun 3 .3 4 .4 13.3 1630 5 .0 0. 18 0800
28 Jun 0 .6 3 .3 16.9 1630 9 .4 .03 0730 Morning
29 Jun 1.1 2 .2 22.2 16-1730 11.7
30 Jun 3 .3 4 .4 26. 1 1630 14.4
1 Jul 8 .6 10.0 27.8 1500 15.3 0.61 1730 Morning
2 Jul 8 .9 9 .4 30 .0 1500 20.6 0.05 0615
3 Jul 13.3 14.4 30 .6 1530 18.6
4 Jul 10.0 11.1 33.9 1600 21. 1
5 Jul 13.3 14.4 33.3 1700 19.4 0.36 0700
6 Jul 11.1 12.2 33.6 1600 22.8 T Eve
7 Jul 14,7 15.6 25.6 1600 19. 1
8 Jul 13.3 13.9 30 .0 1700 20 .0
9 Jul ,11.7 12.2 32.2 1700 21.4
10 Jul 12.2 13.3 32.8 1600 22.2
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APPENDIX IV
INFLUENCE OF DRUMMING AND WEATHER ON DAILY MOVEMENTS
^  ^  ^  Crass-Conifer Regeneration
^  ^  Shrub-Conif er Regeneration
Grass-Shrub
I I Dry Meadow
Riparian Vegetation ^  Drumming Log
Intermittent Stream
^  ^  Mixed Conifer Forest
^  ^  ^  Mixed Conifer-Shrub
Crass-Tall Shrub
T all Shrub
Dirt Road
50 m
F ig u r e  1, T he  da ily  m o v e m e n ts  of b i rd  E L  b e tw een  1730 on 16 June  and  1430 on 17 Ju n e  w e re  
r e s t r i c t e d  w hile  the  b i rd  w as a c t iv e ly  d ru m m in g .  T h is  m a le  d ru m m e d  d u r in g  t r i ­
a n g u la t io n s  a t  1930 and  2025 on l6  Ju ne  and  a t  0740 on 17 Ju n e .  T he  b i rd  w as lo c a te d  
on h is  log th ro u g h  th e  p e r io d  u n til  1430 on 17 June  when he m o ved  a s  in d ic a te d .
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w et Meadow 
Grass-Shrub
^ Y  ^ Riparian Veget
^  ^  ^  Douglas Fir Forest
ation >C
Dirt Road Intermittent Stream
Tall Shrubs 
Drumming Log
I
SO m
F ig u r e  2. T he  d a ily  m o v e m e n ts  of b i rd  S be tw een  0800 and  1355 on
1 Ju ly  w e r e  r e s t r i c t e d  d u r in g  a p e r io d  of a c t iv e  d ru m m in g .  
A t 0800 th e  b i r d  w as  t r ia n g u la te d  a t  I , but he m oved  to  h is  
log d u r in g  t r ia n g u la t io n  and  r e m a in e d  th e r e  u n til  1355.
T h is  m a le  d r u m m e d  a t  0930 in  r e s p o n s e  to  d ru m m in g  by 
b i rd  E L .
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Ponder osa Pine Forest 
I I Wet Meadow
k ^ Riparian Vegetation
^  ^  ^  Douglas Fi r Forest
50 m^  Drumming LogDirt Road
Figure 3. The daily  movements of bird LJ were restricted to  the  area of the log during a period of 
active drumming by other birds, but bird LJ did not drum. At 0830 on 20 June, the bird 
was located at his log. At 1010 the bird was at 1, and he was at 2 by 1410. From 1510 
to 1840 bird LJ rem ained on his log. The b ird moved back to  1 by 1940 where he spent 
the night.
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w et Meadow
Grass-Shrub ^  ^  ^  Douglas Fir Forest
Tall Shrubs>CRiparian Vegetation
Drumming Log
50 mIntermittent StreamDirt Road
Figure 4. The daily movem ents of bird S were restricted to the area of his log during a period of 
active drumming by other birds, but bird S did not drum. At 1755 on 27 June, the bird 
was at 1, and by 1915 he had moved to 2. The bird had m oved to his drumming log by 
2040 where he rem ained until 1215 on 28 June.
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^ ^ Riparian Vegetation
^  Y ^  Douglas Fir Forest
X Ponder os a Pine Forest 
I I Wet Meadow
50 mDrum m ing LogDirt Road
Figure 5. Bird LJ ranged widely on 25 and 26 June during a period of active drumming by other males 
in the area. T h e  bird roosted at 5 from 2020 to 2125 on 25 June, and on 26 June he roosted 
at 6 from 0710 to 0935 and at 7 from 1300 to 1500.
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Ponder os a Pine Forest 
I I Wet Meadow
Riparian Vegetation  
Douglas Fi r Forest
Dirt Road Drumming Log
Figure 6. The movements of bird LJ were restricted during a coo l wet period. The bird was in a day 
roost from 0710 to 0935 on 26 June located at 1. From 1300 to 1500 of the same day bird LJ 
was at 2, another day roost. From 1735 to 1855 on 27 June th e  bird was at 3, and b y  2005 
the bird had moved to 4 where it remained until 0830 on 28 June. From 0920 to 1125 on 
28 June the bird was m oving to 5, 6, and 7.
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W et N^eadow ^ ^  ^ Riparian Vegetation
Grass-Shrub ^  Douglas Fir Forest
Tall Shrubs
Drumming Log
50 mIntermittent StreamDirt Road
Figure 7. The movem ents of bird S w ere restricted during a cool wet period. The bird was at his log 
from 0730 when he drummed to 1000 on 26 June. From 1400 to 1450 the bird was day roost­
ing at 1. At 1755 on 27 June the bird was again at 1. By 1915 bird S had moved to 2, and 
he had returned to  his log at 2040 where the bird rem ained until 1215 on 28 June. Cattle 
were in the area at 0900.
Grass-Conifer Regeneration 
^  Shrub-Conif er Regeneration
Grass-Shrub
I I  D r y
^  ^  Mixed Conifer Forest
^  ^  ^  Mixed Conifer-Shrub
^ ^  ^ Grass-Tall Shrub
T all ShrubMeadow
^ ^  ^ Riparian Vegetation I Drumming Log
Dirt RoadInterm ittent Stream
SO m
F ig u r e  8. T h e  m o v e m e n ts  of b i rd  E L  w e re  r e s t r i c t e d  d u r in g  a coo l w et p e r io d .  A t 0800 on 26 Ju n e  
th e  b i rd  w as lo c a te d  a t  1, but he had  d ru m m e d  s h o r t ly  b e fo re .  At 0915 th e  b i r d  r e t u r n e d  
to  h is  log. T h e  b i rd  w as a t  a  s e c o n d a ry  log, 2, a t  1020, and  he m o v ed  to  3 d u r in g  t r i a n g u ­
la t io n  w h e re  he r e m a in e d  u n til  1435. F r o m  1830 on 27 June  u n ti l  1135 on 28 Ju n e  b i r d  E L  
w as on h is  p r i m a r y  log . T he b i rd  d ru m m e d  a t  0845 and  0940 w hen c a t t le  w e re  in  the  a r e a .
Ponder OS a Pine Forest 
Wet Meadow
C3G3
Riparian Vegetation  
Douglas Fir Forest
Dirt Road Drumming Log
Figure 9. The restricted movements of bird LJ during the hot period of several days is depicted by 
this figure. On 1 July the bird moved as indicated to  a day roost at R where he remained 
from 1240 to  1345. The bird was in a day roost from  1700 to 1840 on 3 July. On 5 July 
the bi rd was in a day roost from 1700 to 1840 on 3 July. On 5 July the b ird was at the 
in itia l lo ca tio n  from 0855 to 1130 and by 1600 he had moved as indicated. Bird LJ re­
m ained near h is log on 7 Ju ly  during the afternoon and evening and the entire day on 9 July.
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w  et Meadow 
Grass-Shrub
Tall ShrubsRiparian Vegetation 
Douglas Fir Forest Drumming Log
Dirt Road Interm ittent Stream 50 m
Figure 10. T he restricted movements of bird S during a hot period of several days. The bird was 
near his log the entire day on 1 July. The bird was some distance from his log in the 
morning of 3 July^ but m oved to his log in the heat of th e  day. On 5 and 7 July the 
bird was located at his log during the afternoon heat. On 8 July the bird moved to  the 
log where he rem ained from 1710 to  2110. On 9 July bird S spent the entire day at his 
log, but by 2005 he had left the log. The last drumming on the study area was 1 July.
^  ^  ^  Grass-Conifer Regeneration
^  Y  ^  Shrub-Conif er Regeneration
Grass-Shrub
Dry Meadow
Mixed Conifer Forest 
Mixed Conifer-Shrub
Grass-Tall Shnib
T all Shiub
Riparian V egetation I Drumming Log
Dirt RoadInterm ittent Stream
SO m
F ig u r e  11. T h e  m o v e m e n ts  of b i rd  E L  w e re  r e s t r i c t e d  d u r in g  th e  h e a t  of s e v e r a l  d a y s .  On 1 J u ly  th e  
b i r d  w as  day  ro o s t in g  f r o m  1300 to  1410, and  on 3 Ju ly  he  day  r o o s te d  f r o m  0840 to  1715 
and  by 2110 b i r d  E L  had  m o v ed  a s  in d ic a te d .  On 5 Ju ly ,  th e  b i r d  m o v e d  c l o s e r  to  th e  
ru n n in g  w a te r .  On 7 Ju ly  b i r d  E L  m o v e d  in  the  d i r e c t io n  n o ted  a f t e r  d ay  ro o s t in g  f r o m  
1440 to  1600. On 9 Ju ly  b i r d  E L 's  m o v e m e n ts  w e re  not in h ib i te d  by th e  h e a t .
ww
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Ponder OS a Pine Forest a Riparian Vegetation
Wet Meadow E23 Douglas F ir Forest
P irt Road L Drumming Log
i i 
50 m
Figure 12. The movements of bird LJ were not restricted during a mild period. On 24 June the 
bird was on his log at 0630. He remained at 2 from 1010 to  1150 and moved to  3 by 
1330. Bird LJ was located at 4 by 1225 on 2 5 June. He moved as indicated until he 
reached 8 at 2020 where he remained until 2125.
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Tall Shrubs 
Drumming Log
SO m
W et Meadow 
Grass-Shrub
Riparian Vegetation 
^  ^  Douglas Fir Forest
Dirt Road Interm ittent Stream
F i g u r e  13. T h e  m o v e m e n ts  w e r e  not r e s t r i c t e d  d u r in g  a m ild  p e r io d .  
On 24 Ju n e  th e  b i r d  m o v e d  f r o m  1 to  4 be tw een  0715 and 
1230. B e tw ee n  1410 an d  2050 on 25 Ju n e , B ird  S m o v ed  
f r o m  6 to  6, back  to  2, and  on to  7 w h e re  he s ta y e d  f r o m  
2050 to  2200.
^  ^  Grass-Conifer Regeneration 
^  ^  ^  Shrub-Conif er Regeneration
Grass-Shrub
Dry Meadow
^  Mixed Conifer Forest
!► ^  ^  Mixed Conifer-Shrub
^ 2  ^ Grass-Tall Shrub
 ̂ T all Shrub
Riparian Vegetation i Drumming Log
D irt R oadIntermittent Stream  
f
50 m
F ig u r e  14. T he  m o v e m e n ts  of b i r d  E L  w e re  not r e s t r i c t e d  d u r in g  a m ild  p e r io d .  On 24 June  th e  b i rd  
d ru m m e d  a t  0645 and  c a t t le  w e re  in the  a r e a .  He r e m a in e d  on h is  log u n t i l  0925, and  he 
m o v ed  f r o m  1 to  2 d u r in g  t r ia n g u la t io n  a t  1300. B ird  E L  w as a t  3 by 1315 on 25 Ju n e ,  T h e  
b i r d  m o v ed  a s  in d ic a te d  u n ti l  2210 when he w as a g a in  lo c a te d  a t  3. B i rd  E L  d r u m m e d  
s h o r t ly  a f t e r  2210.
u>o
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APPENDIX V
SIGN AND CONSTANCY TESTS ON BIRD MOVEMENTS AS AFFECTED BY CATTLE
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Table 1. C alculation of sign test comparing total distance before cattle invasion with total 
distance after ca ttle  invasion.
Date T im e T ot, Dist. Y El. Tim e X Slope Sign Diff.
BirdLJ
27 Jun
28 Jun
2200
0920
19
20
45
50
+ .422 
- .400
+ .022
27 Jun 
28J u n
2115
1005
19
14
70
45
+ .271 
-  .311
- .037
27 Jun
28 Jun
2005
1125
28
19
70
80
+ .400 
- .238
+ . 163
26 Jun 1500 7 50 + . 140 . 140
30 Jun 1650 0 120 - .000
25 Jun 
1 Jul
1440
1345
138
20
135
65
+1.022 
-  .308
+ .715
23 Jun 
3 Jul
1930
1840
8
51
170
100
+ .047 
-  .510 -
.463
23 Jun 
3 Jul
2115
2030
99
58
105
110
+ .943 
- , 527
+ .416
23 Jun 
3 Jul
2130
2130
46
47
15
60
+3.067 
- ,783
+ 2.284
21 Jun 
5 Jul
0910
1150
22
7
120
160
+ . 183 
-  .044
+ .140
P(7+ P+=.5) = 0,073 Bird LJ Total + Signs 7
Bird EL
20 Jun
21 Jun
2110
0750
50
8
60
60
+ ,833 
- ,134
+ .699
20 Jun
21 lun
2010
0850
44
0
260
60
+ . 170 
0
+ . 170
17 Jun 
24 Jun
1430
1300
34
54
220
215
+ . 155 
-  .252
- .097
10 Jun 2030 51 130 + .393 .326
30 Jun 2015 10 150 - .067
10 Jun
30 Jun
2200
2120
25
10
90
65
+ .278 
- .154
+ . 124
P,(4+ P+  = .5 ) =: 0.1562 Bird EL Total + Signs 4
Bird S
20 Jun 
23 Jun
2020
2000
55
68
310
270
+ .178 
- .252
- .074
16 Jun 
27 Jun
1910
1915
62
36
20
80
+3.100 
- .450
+ 2. 650
16 Jun 
27 Jun
2010
2040
36
30
60
85
+ .600 
- .353
+ .247
Ib ju n  2100 36 SO + .720  ^
27 Jun____________ 2130_____________0__________50____________ 0_
P (3+  Pf = . 5) = 0 .2 5  Bird S Total + Signs 3
P ( 14 + P + = . 5) = 0 ,012  A ll birds Total + Signs I T
T ab le  4 , Chi-square contingency tab le testing constancy of to tal m ovem ent sign test plus signs among three birds.
Sign LJ
Bird
S EL Totals
+ Observed 7 3 4 14
Expected 6.99993 3. 11108 3.88885 13.9998
Chi-Square 0 0.00396 0.00317 0.00713
- Observed 2 1 1 4
Expected 1.99998 0.88888 1. 11110 3.99996
Chi-Square 0 0.01388 0.01110 0.02498
Totals Observed 9 4 5 18
Expected 8.99991 3.99996 4.99995 17.9997
Chi-Square
d .f .
0 0.01784 0.01427 0.03211
2
u>
nO
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APPENDIX VI
CALCULATION OF INDEX OF SIMIIARITY USING FREQUENCY DATA
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U S EL LJS IJEL SEL
Trees
Pseudotsuga menziesii 30 .0 38.1 71.9 30 .0 30 .0 38.1
Pinus ponderosa 23.3 28.6 59.4 23.3 23.3 28.6
Larix occidentalis 23.3 09.5 21.9 9 .5 21.9 9 .5
Abies lasiocerpa 3 .0 0 .0 0 .0 0 .0 0 .0 0 .0
Populus trem uloidef 36.7 95.2 75.0 36.7 36.7 75 .0
Populus trichocarpa 0 .0 4 .8 0 .0 0 .0 0 .0 0 .0
T all Shrubs
Alnus incana 93.3 47.6 31.3 47.6 31.3 31.3
Shrubs
A m elanchier alnifolia 26.7 47.6 75 .0 26.7 26.7 47.6
Comus stolonifera 9 0 .0 95.2 34.4 9 0 .0 34 .4 34.4
Crataegus do u ^asii 13.3 52.4 65.6 13.3 13.3 52 .4
Rhamnus alnifolia 46.7 28.6 34.4 28.6 34.4 28.6
Ribes am ericanum 76.7 23.8 00 .0 23.8 0 .0 0 .0
Ribes lacustre 80.0 81.0 50 .0 80 .0 50.0 50 .0
Rosa 8pp. 60 .0 81 .0 84.4 60 .0 60 .0 81.0
Rubus idaeus 56.7 61.9 12.5 56.7 12.5 12.5
Rubus parviQonis 0 .0 4 .8 3.1 0 .0 0 .0 3 .1
Salix spp. 13.3 47.6 18.8 13.3 13.3 18.8
Spiraea betulifolia 00 .0 4 .8 53.1 0 .0 0 .0 4 .8
Symphoricarpos alhus 83.3 76.2 100.0 76.2 83.3 76.2
Vaccinivun caespitosum 00.0 00 .0 21.9 0 .0 0 .0 0 .0
Sedges^ Rushes and Grasses
Agrostis alba 
Calam agrostis canadensis 
Calam agrostis rubescens 
Carex antfaiostachya 
Carex geyeri 
Cayex stipata 
C arex vesicara 
Carex Spp. ( Small, Fine) .
C inna latifo lia  
P acty lis g lom erate  
Des champsia elongata 
Elynius glaucuj 
Festuca subulate 
G lyceria striata 
Juncus balticus 
Juncus bufonius 
Fhleum pretense 
Poe interior 
Poe palustris 
Poe prateosis 
Stipa richardsonii 
Unk. grass ( pubescent)
76.7 71.4 53.1 71.4 53.1 53.1
0 .0 4 .8 0 .0 0 .0 0 .0 0 .0
3 .3 14.3 46.9 3.3 3 .3 14.3
23.3 57.2 56.3 23.3 23.3 56.3
3 .3 0 .0 12.5 3 .3 3 .3 0 .0
66.7 4 .8 6 .3 4 .8 6 .3 4 .8
6 .7 0 .0 9 .4 0 .0 6 .7 0 .0
20 .0 4 .8 3 .1 4 .8 3.1 3 .1
13.3 19. 1 0 .0 13.3 0 .0 0 .0
23.3 9 .5 6 .3 9 .5 6 .3 6 .3
36.7 61.9 34 .4 36.7 34.4 34.4
6 0 .0 100.0 53.1 60 .0 S3.1 53.1
3 .3 0 .0 3.1 0 .0 3 .1 0 .0
76,7 23.8 9 .4 23.8 9 .4 9 .4
3 .0 0 .0 6 .3 0 .0 3 .0 0 .0
0 .0 0 .0 3.1 0 .0 0 .0 0 .0
3 .3 0 .0 53.3 0 .0 3 .3 0 .0
3 .3 38.1 31.3 3 .3 3 .3 31.3
3 .3 4 .8 0 .0 3 .3 0 .0 0 .0
86 .7 47.6 62.5 47.6 62.5 47.6
0 .0 0 .0 15.6 0 .0 0 .0 0 .0
3.3 9 .5 9 .4 3.3 3 .3 9 .4
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Herbs
A chillea m illefolium  
A ctaea rubra 
Allium  cem uum  
Allium  spp.
Androsace filiform  is 
Angelica arguta 
Antennaria spp.
Aren aria lateriflora 
Arnica cordifolia 
Aster conspicuus 
Aster eatonii 
Aster foliaceus 
Aster laevis 
Aster spp.
Barbarea athoceras 
Berberls repens 
C astille ja  Spp.
Ci.rcaea alpina 
Cirsium vulgare 
C lem atis colum biana 
Cvpripedium montanum 
Dispom m  trachycarpum
Epilobium  angustifoliun^ 
Epiiobium watsonu 
Erythronium grandiflorum 
Fragaria virginiana 
Galium bore ale 
Galium triflorum  
Geranium richardsonii 
Geum macrophyllum 
M abenaria hyperborea 
H eracleum  lanatum  
Hypericum perforatum 
Lactuca biennis 
lin n aea  borealis 
M entha arvensis 
Mimulus guttatus 
Osm orhha chilensis 
Osmorhiza occidentalis 
Osmorhiza spp.
Perideridia gairdneri 
Petasites sagittatus 
Plantago m ajor 
Polemonium pulcherrimum 
Pteridium Spp.
Potentilla arguta 
Potentilla gracilis 
Pyrola asarifolia 
Pyrola secunda
LJ S EL LJS LJEL SEL
6 .7 9 .5 50 .0 6 .7 6 .7 9 .5
30 .0 61.9 37.5 30.0 30.0 37.5
0 .0 0 .0 6 .3 0 .0 0 .0 0 .0
0 .0 0 .0 6 .3 0 .0 0 .0 0 ,0
33.3 4 .8 9 .4 4 .8 9 .4 4 .8
53.3 61.9 12.5 53.3 12.5 12.5
0 .0 0 .0 28.1 0 .0 0 .0 0 .0
3 .0 0 .0 0 .0 0 .0 0 .0 0 .0
3 .3 9 .5 46.9 3 .3 3 .3 9 .5
0 .0 9 .5 12.5 0 .0 0 .0 9 .5
56.7 9 .5 0 .0 9 .5 0 .0 0 .0
43.3 23.8 3 .1 23.8 3.1 3 .1
2 0 .0 61.9 65.9 20 .0 20 .0 61.9
0 .0 0 .0 9 .4 0 .0 0 .0 0 .0
3 0 .0 9 .5 3.1 9 .5 3.1 3 .1
33.3 61.9 81.3 33.3 33.3 61.9
0 .0 9 .5 6 .3 0 .0 0 .0 6 .3
73.3 71.4 21.9 71.4 21.9 21.9
16.6 0 .0 18.8 0 .0 16.6 0 .0
0 .0 4 .8 9 .4 0 .0 0 .0 4 .8
0 .0 4 .8 0 .0 0 .0 0 .0 0 .0
3.3 28.6 21.9 3 .3 3 .3 21.9
3 .3 0 .0 0 .0 0 .0 0 .0 0 .0
83.3 42.9 37.5 42.9 37.5 37.5
0 .0 0 .0 15.6 0 .0 0 .0 0 .0
13.3 61.9 71.9 13.3 13.3 61.9
20 .0 4 .8 9 .4 4 .8 9 .4 4 .8
93 .3 100.0 53.3 93.3 53.3 53.3
0 .0 4 .8 18.8 0 .0 0 .0 4 .8
93.3 76.2 62.5 76.2 62.5 62.5
16.7 14.3 9 .4 14.3 9 .4 9 .4
20 .0 19.0 0 .0 19.0 0 .0 0 .0
0 .0 14.3 0 .0 0 .0 0 .0 0 .0
0 .0 4 .8 0 .0 0 .0 0 .0 0 .0
16.7 33.3 43.8 16.7 16.7 33.3
60 .0 66.7 31.3 6 0 .0 31.3 31.3
76.7 33.3 15.6 33.3 15.6 15.6
13.3 38,1 25.8 13.3 13.3 25.8
0 .0 9 .6 6 .3 0 .0 0 .0 6 .3
16.7 4 .8 25 .0 4 .8 16.7 4 .8
3 .3 0 .0 6rS 0 .0 3 .3 0 .0
0 .0 0 .0 6 .3 0 .0 0 .0 0 .0
16.7 9 .5 25 .0 9 .5 16.7 9 .5
13.3 0 .0 6 .3 0 .0 6 .3 0 .0
6 .7 9 .5 3 .1 6 .7 9 .5 3 .1
33.3 0 .0 9 .4 0 .0 9 .4 0 .0
6 .7 4 .8 25 .0 4 .8 6 .7 4 .8
3 .3 0 .0 6 .3 0 .0 3 .3 0 .0
0 .0 9 .5 6 .3 0 .0 0 .9 6 .3
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APPENDIX VU 
RESULTS OF DISCRIMINANT ANALYSIS
T able 1 • Mean total foliage cover of the VHZ’s in the discriminant analysis of total structure.
A ctivity
Ring
_ lag Night Roost Night-Dav Roost Day Roost M iscellaneous
0 3 5 6 0 3 5 6 0 3 5 6 0 3 5 6 0 3 5 6
24 6 8 .0 53.2 51.6 47 .6 41 .7 30.3 30 .0 19.3 41 .7 31 .5 27 .8 26.7 27.1 19.4 11. 1 20 .9 58.9 35 .4 32.7 31 .3
23 10.0 32,4 33.6 26 .4 33.3 33.2 37.3 37.5 68.3 47 .0 44.8 41 .0 52.4 56.5 51.3 50 .4 52.8 44.3 46.2 51 .7
* 22 10.0 20.6 20.6 14.8 10.0 16.3 24.7 15.3 1.7 19.5 14.3 12.5 25.9 18.8 20 .0 19.1 10.6 8 .6 16.2 17.1
s 10 4 .6 0 .8 0 .5 2 .1 2 .5 4 .1 1.5 2 .4 3 .2 1 .2 1 .8 2 .9 3 .6 1.0 1.2 2 .3 1.2
fc 9 0 .6 1.6 0 .2 0 .7 0 .4 1.3 0 .8 2 .1 1.6 0 .7 1.8 1.3 0 .8 1.7 1.4 1.1 1.1 2 .0
8 2 0 ,0 4 .3 3 .8 4 .6 2 .8 4 .0 6 .4 0 .8 10.0 9 .8 7 .2 4 .2 2 .6 5 .5 4 .4 5 .0 1.5 4 .7 2 .8
a 7 1 .0 0 .8 1.8 1 .5 0 .9 4 .6 4 .1 5 .0 1.5 1.2 1.2 1.2 r .7 1.4 2 .2 0 .7 1.3 1.1 1.3
•-) 6 0.1 1.8 4 .0 2 .6 5.1 6 .4 6 .7 10.1 12.6 5 .0 9 .8 5 .5 6 .9 0 .3 1.9 5 .4 4 .3
u 5 3.8 2 .4 3 .1 5 .0 1.5 2 .8 3 .5 5 .0 3 .7 1.4 2 .2 12.9 3 .6 3 .2 4 .3 1.1 2 .8 4 .1 3 .8
k 4 3 .8 3 .3 4 .8 8 .0 6 .7 10.6 2 .5 11.2 8 .4 13.0 12.7 8 .9 7 .6 5 .1 7 .8 9 .8 4 .7 7 .7
g 3 6 .4 6 .3 5 .1 8 .3 4 .6 7 .5 4 .8 8.3 7 .5 6 .0 3 .7 3 .6 5.9 4 .7 4 .4 5 .8 6 .7 7 .4 7 .1
2 5 4 .0 5 .8 8 .7 7 .1 5 .0 4 .0 0 ,4 2 .0 5 .3 6 .0 2 .3 1.8 2 .9 3 .7 3 .5 2 .6 3 .6 4 .3 2 .9
1 36 .4 28.3 22 .0 20.6 29 .0 24.9 23 .4 18.7 17.0 17.3 16.7 14.7 23.8 21.2 19.6 18.6 24.4 24 .6 23 .7 21 .3
Table 2 , Discriminant analysis of differences between VHZ means.
Below 36 inches Above 36 inches
^ing Degrees of Calc. Tabular Prob. ♦ Degrees of Calc. Tabular Prob. *
Freedom F F Level. Freedom F F Level
Drumming Logs and Night Roosts
0 9 , 1 0.33561 59.86 0. 10 3 ,7 6.42255 5.89 0.025
3 9 , 1 0.42497 59.86 0 .10 3 .7 6.42277 5.89 0.025
5 9 , 1 0.38357 59.86 0. 10 3 ,7 6.40370 5.89 0.025
6 9 ,  1 0.46041 59.86 0 .10 3 .7 6.53172 5.89 0.025
Drumming Logs and Night-Day Roosts
0 9 ,1 0.50299 59.86 0.10 3 ,7 6.69121 5.89 0.025
3 9 ,1 2.94710 59,86 0.10 3 ,7 6.42954 5.89 0.025
5 9 ,1 0.41261 59.86 0 .10 3 ,7 6. 48659 5.89 0.025
6 9 ,1 1.68833 59.86 0.10 3 ,7 6.48625 5. 89 0.025
Drumming Logs and Day Roosts
0 10, 11 4,37686 3.53 0.025 3, 18 23.31414 6.03 0.005
3 10, 11 4.31717 3.53 0.025 3, 18 23.38501 6.03 0.005
5 IQ, 11 4.27976 3.53 0.025 3, 18 23.39169 6.03 0.005
6 10, 11 4.27216 3.53 0.025 3, 18 23.32867 6.03 0.005
Drumming Logs and Miscellaneous Habitat
0 10̂  12 5.13514 4.30 0.010 3, 19 24.87608 5.92 0.005
3 10, 12 4.76084 4 .30 0.010 3, 19 24.90722 5.92 0,005
5 io , 12 4.73824 4 .30 0.010 3, 19 24.83315 5.92 0,005
6 10, 12 4.73434 4 .30 0.010 3, 19 24.97372 5.92 0,005
Night Roosts and Night-Day Roosts
0 10, 1 0.30750 60.19 0 .10 3,8 8.14003 7.59 0.010
3 10, 1 0.49482 60.19 0 .10 3,8 8.01822 7.59 0,010
5 10, 1 4.69318 60.19 0.10 3,8 8.04576 7.59 0.010
6 1 0 ,  1 0.57029 60.19 0 .10 3,8 8.00841 7.59 0,010
Night Roosts and Day Roosts
0 10, 12 5.35632 5.09 0.005 3, 19 28.10990 5.92 0.005
3 10̂  12 5.34468 S. 09 0.005 3, 19 28.16196 5.92 0,005
5 10, 12 5.36463 5.09 0.005 3,19 28.17018 5.92 0. 005
6 lOj 12 5.35466 5.09 0.005 3, 19 28.11513 5.92 0. 005
4̂O'
Table 2. (Continued)
Below 36 inches Above 36 inches
Ring Degrees of 
Freedom
Calc.
F
Tabular Prob. * Degrees of 
F Level Freedom
Calc.
F
Tabular
F
Prob. * 
Level
0 10, 12 5.37677
Night-Day Roosts and Day Roosts 
5.09 0.005 3, 19 28.14207 5.92 0.005
3 10, 12 5.36931 5.09 0.005 3, 19 28.10520 5.92 0.005
5 10, 12 5 34986 5.09 0.005 3,19 28.09494 5. 92 0.005
6 10, 12 5.39095 5.09 0.005 3, 19 28.11499 5.92 0.005
0 10, 13 5.97144
Night-Day Roosts and Miscellaneous Habitat 
4.82 0.005 3 ,20 30.02666 5.82 0.005
3 10, 13 5.98906 4.82 0.005 3 ,20 30.07496 5. 82 0.005
5 10, 13 5,90553 4.82 0,005 3 ,20 30.00302 5. 82 0.005
6 10, 13 6.10964 4.82 0.005 3,20 30.03690 5.82 0. 005
0 10̂  24 21,02598
Day Roosts and Miscellaneous Habitat 
3.59 0.005 3,31 90.40695 5 .2 4 0.005
3 10,24 21.01634 3.59 0.005 3,31 90.39760 5.24 0.005
5 10̂  24 21.00779 3.59 0.005 3,31 90.36095 5.24 0.005
6 10,24 21.00695 3.59 0.005 3,31 90.38324 5.24 0.005
* Probability of obtaining a larger F
4̂
-o
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APPENDIX VIII 
PAIRED t-TEST OF OVERLAP
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p aired ̂ - t  ests of m ean to ta l overlap.
O verlap^ Drumming Night Diff, Overlap Drumming Night Diff.
Condition Logs Roosts Condition Logs Roosts
10/17 0 .8 0 .8 10/6 1.7 1.7
10/4 10.0 10.0 9/7 0 .3 0 .3
9 /2 5 .0 S.O 9 /1 0.8 0 .8
8 /5 9 .2 9 .2 8/4 1.0 0 .8 0 .2
8 /3  0 .8 6 ,7 5 .9 8/2 19.4 19.4
8 /1  8 .4 13.4 5 .0 7/1 5. 3 5. 3
6 /1  0 .2 20.7 20.5 5/1 2 .0 7.4 5.4
4 /1  3 .6 23. 3 19.7 3/1 2 .0 2.8 0 .8
Sum 42.7 102.9 110.0
X 2. 67 6.43 6. 87
t  = - 2 ^ ^ = 2 .1 1 2 8 + S3 383. 69 811.19 760.09
ISdf 1.7796
S 25. 58 54.07
s 5.06 7. 35
Overlap Drumming N&D Diff. Overlap Drumming N&D Diff.
Condition Logs Roosts Condition Logs Roosts
10/6/1 1.7 1.7 10/6 1.7 1.7
10/4 3 .3 3. 3 10/1 1.7 1.7
9 /7 0 .3 0 .3 9 /6 1.7 1.7
9 /4 1.7 1.7 9 /3 0 .8 0 .8
9 /2 1.7 1.7 9/1 10.8 10.8
8/5 6 .7 6 .7 8 /4 1.0 0 .8 0 .2
8 /3  0 .8 4 .2 3.4 8 /2 19.4 4. 5 14.9
8 /1  8 .4 5. 5 2 .9 7/5 — 0 .8 0.8
7 /3 2 ,5 2.5 7/1 5.3 5. 3
6 /3 5. 0 5.0 6/1 0 .2 9 .5 9. 3
5 /1  2 .0 0 .8 1.2 4 /1 3.6 9 .7 9 .3
3/1 2 .0 7 .0 5 .0
Sum 42.7 82.4 88.7
X 1.86 3. 58 3. 86
1 72
t  = -  — 2.2317* SS 418.37 229.93 300. 56
22df .771 S^ 19.02 10.45
s 4. 36 3. 23
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Appendix VIII. (Continued)
Overlap Drumming Day Diff. Overlap
Condition Log Roosts Condition
10/9 3 .5 3 .5 10/8
10/6 0 .6 0 .6 10/5
10/4 0 .9 0,9 10/3
10/2 0 .6 0 .6 10/1
9 /7 0 .6 0 .6 9 /4
9 /3 1.3 1.3 9 /2
9 /1 0 .6 0 .6 8/7
8 /6 0.2 0 .2 8 /5 /3
8 /5 1.2 1.2 8 /4
8 /3 0 .8 2 .9 2 .1 8/2
8 /1 8 .4 6 .8 2 .4 7 /4
7/1 5 .3 1.2 4 ,1 6 /3
6/1 0 .2 23.8 23.6 5/3
5/1 2 .0 10.7 8 .7 4 /1
3/1 2 .0 6 .1 4 .1
Sum
'2 8 d f =  0 .9949=
1
T
P
S
Overlap Drumming Misc. Diff. Overlap
Condition Logs Habitat Condition
10/7 0 .3 0 .3 10/4
10/2 0 .3 0 .3 10/1
9 /5 2 ,8 2 .8 9 /4
9 /3 0 .9 0 .9 9 /2
9 /1 2 .3 2 .3 8 /5
8 /4 1 .0 1.0 8/3
8 /2 19.4 0 .1 19.3 8/1
7 /4 0 .6 0 .6 7/3
7 /1 5 .3 2 .5 2 .8 6 /3
5 /3 0 .6 0 .6 5/1
4 /1 3 .6 14.8 11.2 3/1
Sum
_ U  
^22df 1.
1
T
P
Drumming
Log
1.0
19.4
3 .6
42,7 
1.47 
434.78 
15.53 
3 .94
Drumming
Logs
0 .8
8 .4
2.0
2.0
42.7
1.86
418.27
19.02
4.36
Day
1.8
1.4
2 .4
2 .7
2 .4  
0 .9
1.8  
0.1
2 .4
0 .3
3 .5  
1.8 
8 .4
90.9 
3 .13 
626.95 
22.39 
4.73
Misc.
Habitat
0.6
3.1
1.7 
0 .3  
0 .4  
7 .3
6.8  
2.6 
0.6 
7.5  
5 .8
75.3
3.27
344.51
15.66
3.96
Diff.
1.8
1.4
2 .4
2 .7
2 .4  
0 .9
1 . 8  
0.1
1.4 
19.4
0 .3
3 .5  
1.8 
4 .8
99.2 
3.42 
803.80
Diff.
0 .6
3.1
1.7 
0 .3  
0 .4
6 .5
1.6 
2.6  
0.6  
5 .5
3 .8
82 .0
3 .57
520.97
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Appendix VIII (Continued)
Overlap Night N&D Diff Overlap Night
Condition Roosts Roosts Condition Roosts
10/7 0 .8 0 .8 10/6/1
10/6 1.7 1,7 0 10/4 10.0
10/1 1.7 1,7 9 /7 0 .3
9 /6 1.7 1.7 9 /4
9 /3 0 ,8 0 .8 9 /2 5 .0
9 /2 5 .0 1 .7 3.3 9 /1 0 .8
8 /5 9 ,2 6 .7 2 .5 8 /4 0 .8
8 /3 6 .7 4 ,2 2 .5 8/2
8 /1 13.4 5 .5 7.9 7 /5
7 /3 2 .5 2 ,5 6/3
6 /1 20.7 9 ,5 11.2 5/1 7 .4
4 /1 23,3 9 .7 13.6 3/1 2 .8
Sum 102.9
n ”x 4 .47
5 '
22df 0. 7 5 2 1 = 1 .1 2 3 7 S |
1012.60
s 46,03
s 6,78
Overlap Night Day Diff. Overlap Night
Condition Condition
10/9 3 .5 3 .5 10/8
10/8 1.8 1.8 10/7 0 .8
10/6 1.7 0 .6 1.1 10/5
10/4 10.0 0 .9 9 .1 10/3
10/2 0 .6 0 .6 10/1
9 /7 0 .3 0 .6 0 .3 9 /4
9 /3 1.3 1.3 9/2 5 .0
9 /1 0 .8 0 .6 0.2 8/7
8 /6 0.2 0 .2 8 /5 /3
8 /5 9 .2 1.2 8 .0 8 /4 0 .8
8 /3 6 .7 2 .9 3 .8 8/1 13.4
7 /4 0 .3 0 .3 7/1
6 /3 3 .5 3 .5 6/1 20.7
5/1 7 .4 10.7 3 .3 4 /1 23.3
3/1 2 .8 6 .1 3.3
NOD
Roosts
1.7 
3*3 
Oi3
1.7
1.7 
10.8
0*8
4 .5
0*8
5 .0  
0.8
7 .0
82.4
3.58
229.93
10.45
3,23
Day
1.8
1.4
2 .4
2 .7
2 .4  
0.9
1.8 
0.1
2 .4  
6.8  
1.2
23.8
8 .4
Diff*
1.7
6 .7  
0
1.7 
3 .3
10*0
0
4 .5  
0.8 
5 .0
6.6  
4 .2
89.7
3 .9 0
317.44
Diff.
1 .8
0.8
1.4
2 .4
2 .7
2 .4
4 .1
1.8  
0.1  
1.6  
6.6
1.2 
3 .1
14.9
_ 0.43 
^27df ”  0.6156
= 0.6985
Sum 102.9 90.9 83.4
T 3.68 3.25 2.98
; 1094.81 616.77 286.S340.55 22.84
s 6 .37 4.78
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Overlap
Condition
10/7
10/4
10/1
9 /5
9 /3
9 /1
8 /4
8/2
7 /4
7 /1
6/1
5/1
3 /1
Night
Roosts
0.8
10.0
0.8
0.8
20.7
7 .4
2.8
Misc.
Habitat
0 .3
0 ,6
3 .1
2.8
0 .9
2 .3
0.1
0 .6
2 .5  
13.7
7 .5  
5 .8
24df 0.5956
= 1.8638+
Overlap
Condition
10/9
10/ 6/1
10/5
10/3
10/1
9 /6
9 /3
9 /1
8/6
8 /5
8 /3
8 /1
7 /4
7/1
6/1
4 /1
NGD
Roosts
1.7
1 .7
1.7 
0,8
10.8
6 .7  
4 ,2  
5 .5
9 .5
9 .7
Day
Roosts
3 .5
1.4
2 .4
2 .7
1.3 
0.6  
0.2  
1.2 
2 .9
6.8  
0 .3  
1.2
23.8
8 .4
0 .27  
^31df ”  0.5730
= 0.4734
Diff. Overlap
Condition
Night
Roosts
Misc.
Habitat
Diff.
0 .5 10/6 1.7 1.7
9 .4 10/2 0.3 0 .3
3.1 9 /7 0.3 0 .3
2 .8 9 /4 1.7 1.7
0 .9 9/2 5 .0 0 .3 4 .7
1.5 8/5 9 .2 0 .4 8 .8
0 .8 8/3 6 .7 7.3 0 .6
0 .1 8/1 13.4 6 .8 6 .6
0 .6 7/3 2 .6 2 .6
2 .5 6/3 0.3 0 .3
7 .0 5/3 0 .6 0 .6
0 .1
3 .0
4/1 23.3 14.8 8 .5
Sum 102.9 75.3 69 .0
“x 4.12 3.01 2.76
P
s
1049.43
43.73
6.61
364.23 
IS. 18 
3 .90
212.82
Diff. Overlap
Condition
N&D
Roosts
Day
Roosts
Diff.
3 .5 10/8 1.8 1.8
1.7 10/6 1.7 0 .6 1.1
1.4 10/4 3.3 0.9 2 .4
2 .4 10/2 0 .6 0 .6
1.0 9 /7 0.3 0 .6 0 .3
1.7 9 /4 1.7 2 .4 0.7
0 .5 9 /2 1.7 0 .9 0.8
10.2 8/7 1.8 1.8
0 .2 8 /5 /3 ' 0 .1 0.1
5 .5 8 /4 0 .8 2 .2 1.4
1.3 8/2 4 .5 4 .5
1.3 7 /5 0 .8 0.8
0 .3 7/3 2 .5 2 .5
1.2 6 /3 5 .0 3 .5 1.5
14.3 5/1 0 .8 10.7 9 .9
1.3 3/1 7 .0 6.1 0.9
Sum 82.4 90.9 78.9
T 2 .57 2.84 2 .47
;
s
312.96 
10.10 
3 .18
653.76
21.09
4.59
322.65
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Overlap N&D Misc. Diff. Overlap N&D Misc. Diff.
Condition Roosts Habitat Condition Roosts Habitat
10/7 0 .3 0.3 10/6/1 1.7 1.7
10/6 1.7 U 7 19/4 3 .3 0 .6 2 .7
10/2 0 .3 0 .3 10/1 1.7 3 .1 1.4
9 /7 0 .3 0 .3 9 /6 1.7 1.7
9 /5 2 .8 2 .8 9 /4 1.7 1.7 0
9 /3 0 .8 0 ,9 0 .1 9/2 1.7 0 .3 1.4
9 /1 10.8 2 .3 8 .5 8 /5 6 .7 0 .4 6 .3
8 /4 0 .8 0 .8 8/3 4 .2 7.3 3.1
8/2 4 .5 0 .1 4 .4 8/1 5.5 6 .8 1.3
7 /5 0 .8 0 .8 7 /4 0 .6 0 .6
7 /3 2 .5 2 .6 0.1 7/1 2 .5 2 .5
6 /3 5 .0 0 .3 4 .7 6/1 9 .5 13.7 4 .2
5 /3 0 .6 0 .6 5/1 0 .8 7.5 6 .7
4 /1 9 .7 14,8 5 .1 3/1 7 .0 5.8 1.2
Sum 82.4 75.3 65.3
;
2 .94  
282.65 
10.47 
3 .24
2.69 
388. 53 
14.39 
3.79
2 .33
138.64
Overlap Day Misc. Diff. Overlap Day Misc. Diff.
Condition Roosts Habitat Condition Roosts Habitat
10/9 3 .4 3 .5 10/8 1.8 1.8
10/7 0.3 0.3 10/6 0 .6 0 .6
10/5 1.4 1.4 10/4 0 .9 0 ,6 0 .3
10/3 2 .4 2 .4 10/1 2 .7 3 .1 0 .4
9 J 7 0 .6 0 .6 9 /5 2.8 2 .8
9 /4 2 .4 1.7 0 .7 9 /3 1.3 0 .9 0 .4
9 /2 1.7 0 .3 U 4 9 /1 10.8 2 .3 8 .5
8 /5 6 .7 0 .4 6 .3 8 /4 0 .8 0.8
8/3 4 .2 7 .3 3 .1 8 /2 4 .5 0 ,1 4 .4
8 /1 5 .5 6 .8 1.3 7/5 0 .8 0 .8
7 /4 0 .6 0 .6 7/3 2 .5 2 .6 0 .1
7 /1 2 .5 2 .5 6 /3 5 .0 0 .3 4.7
6 /1 9 .5 13.7 4 .2 5/3 0.6 0 .6
5 /1 0 .8 7 .5 6 .7 4 /1 9 .7 14.8 5 .1
3 /1 7 .0 5 ,8 1.2 10/2 0 .6 0.3 0 .3
0.49 
^31df ”  0.3751
= 1.3063
Sum
X
;22
90.9 
2 .84
653.66
21.09 
^ 5 9
75.3
2.35
460.02
14.84
3^85
55.9 
1. 75 
139.58
- Means tested differed at the 30% level of significance; I Means tested differed at the 20% 
level of significance; + Means tested differed at the 10% level of significance; * Means tested differed 
at the 5% level of significance; Numbers indicate VHZ groups from Figure 5.
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Table 1. Resvilts cf the analysis of variance of 0-3 inch aspen densities found in habitat used for 
the five categories being tested*
Source SS ____ df MS F
Between 14.03 4 3.51 0.768
W ithin 214.99 J Z 4.57
T otal 229.02 51
T able 2. Results of the analysis of variance of total 0-3 inch densities found in habitat used for
the five categories being tested. <Calculation of 0-3 inch densities included some values
for conifers, shrubs, and alder which are not shown on Table 5 because the frequency
of occurrence was too low to calculate meaningful values in the vegetation classes.
Source SS df MS F
Between 32.38 4 8 .10  1.76
W ithin 215.84 i Z 4.59
Total 248.22 51
t's
N&D-M D-M
a = , 2  a = .O i
1. 585 1.371 1.341 2.777
T able 3* Results of the analysis of variance of 4-8 inch aspen densities found in habitat used for
the five categories being tested.
Source SS df MS F
Between 567, 701.23 4 141,925.31 8.77**
W ithin 760,471.28 47 16, 180.24
T otal 1,338, 172.51 51
t ’s
N&D-D
1 a = .  1
D-M a ,=.05
1,95 1.71 2.231
Table 4 . Results of the analysis of variance of 4-8 inch conifer densities found in habitat used for
the five categories being tested.
Source SS df MS F
Between 197, 707.04 4 49,426.76 5.25**
W ithin 442, 173.27 47 9, 407.94
Total 639, 880.31 51
t ’s
L—N&D
a= .1  ^■'^<*=.01 .01
1.93 3.02 3.07
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T able 5 . Recuits of the analysis of variance of 4-8 inch alder densities found at habitat used for the
Source SS df MS F
Between 184,676.49 4 46, 169. 12 1.75
W ithin 1. 240^416.43 47 26, 391.84
T otal 1 ,425 ,092.92 51
t's
» 'W « = .0 2
1.404 2.251
Table 6. Results of the analysis of variance of total 4 -8  inch densities found at habitat used for the
five categories being tested.
Source SS df MS F
Between 297,615.58 4 74,403.90 1.78
W ithin 1,962, 564.49 47 41, 756. 69
T otal 2, 260, 180.07 51
t 's
" - % = . l ^"*^*= .02
2.088 1. 549 1.736 2.612
T able 7. Results of the analysis of variance of 9-30 inch aspen densities found at habitat used for
the five categories being tested.
Source SS df MS F
Between 4j 100.25 4 1, 025.06 1.22
W ithin 39,494.42 47 840.31
T otal 43, 594.67 51
t's
L -N 6D ^^ 3 N&D-D :.05 a= .2
1.36 1.27 2.05 1.37
Table 8, Results of the analysis of variance of 9-30 inch conifer densities found a t habitat used for
the five categories being tested.
Source SS df MS F
Between 505. 79 4 126.43 0 .50
Within 11,768.03 47
T otal 12, 273.82 51
Table 9. Results of the analysis of variance of total 9-30 inch densities found at habitat used for
the five categories being tested.
Source SS df MS F
Between 5, 356.14 4 1, 339.04 2.14*
W ithin 29.411.62 47 62S .78
T otal 34, 767. 76 51
t's
L-NGD ^  Ûf=.3  05
N&D-M =.2 » - W * = .l
1.15 2.36 1.340 1.92
**Means tested differed a t the S %  level of significance. 
*Means tested differed at the 10% level of significance.
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T able 1. The analysis of variance of litter cover in the lower 36 inches (91. 4 cm) of habitat found
at the five categories of activity being tested.
Source SS df MS F
Between 1, 140. 01 4 285.00 6. 997+*
Within 1,914. 40 47 40.73
Tot al 3,054. 41 51
t 's
a = .  001 ^ " %  = .001
4. 031 5.031
N&D-D
a - .  2
1.442
3. 372
3
1. 225
5.017
Table 2. The analysis of variance of grass foliage cover in the lower 36 inches (91. 4 cm) of habitat
found at the five categories of activity being tested.
Source SS df MS F
Between 220. 29 4 55.07 0. 89
W ithin 2,917. 34 47 62.07
Tot al 3,137. 63 51
t 's
=. 3
1. 286 1. 199 1.414
Table 3. The analysis of variance of heib foliage cover in the lower 36 inches (91. 4 cm) of
habitat found at the five categories of activity being tested.
Source SS df MS F
Between 194. 56 4 48.64 0 .6
Within 3,808. 12 47 81. 02
Tot al 4 ,002 .68 51
Table 4. The analysis of variance of shrub foliage cover in th e  lower 36 inches (91. 4 cm) of
h ab ita t found at the five categories of activity being tested.
Source SS df MS F
Between 1,581. 50 4 395. 38 3.21*
Within 5,786. 60 47 123. 12
T otal 7, 368. 10 51
L-N
1 ™ a = . o i
t's
l - 0 * = . 2 ( - - ^ *  = .05
1.943 3.223 1.527 2.264
N-NGD
c  -
1.487 2. 232 2.892
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Table 5. The analysis of variance of shrub foliage cover in the 3-6 feet (. 91-1. 83 m) stratum of 
habitat found at the five categories of activity being tested.
Source SS df MS F
Between 309. 35 4 77. 34 0.417
Within 8 ,714 . IS 47 158. 41
To'.al 9 ,023 . SO 51
Table 6. The analysis of variance of shrub foliage cover in the 6-15 feet ( 1. 83-4. 57 m) stratum
of habitat found at the fiv e cat;egories of activity being tested.
Source SS df MS F
Between 7, 126. 70 4 1 ,781 .68 2. 784^
W ithin 30 ,0 7 6 .4 6 47 639.93
Total 37,203. 16 51
t's
L-NbD aT:. 1 .0 1 L-M a~ .05  ^ '^ 0 ;= .2
1. 937 3 .020 2. 363 1. 328
N-D
2
D-M
1
503 1.755
Table 7. The analysis of variance of shrub foliage cover in th e  stratum above 15 feet (4. 57 m) of
habitat found at the five categories of activity being tested.
Source SS df MS F
Between 4 72 4 1. 18 0 .5 8
Within 95. 07 47 2. 02
Total 99. 79 51
Ms ans tested differed at the , 5% lev e l of significance. 
*Means tested differed at the 2. 5% level of significance. 
'iâ>Means tested differed at the 5% lev e l of significance.
